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NOTICE  TO  REPORT  READERS/KEVIFWERS 


The  Big  River  Reservoir  feasibility  study  presented 
in  preceding  volumes  of  this  report,  focused  on  the  devel 
opment  and  selection  of  a  plan  for  solving  the  flooding, 
water  supply  and  recreation  problems  of  the  study  area 
(including  the  Pawtuxet  River  Basin) . 

Information  contained  in  this  Attachment  I  presents 
documentation  of  detailed  studies  undertaken  to  formulate 
plans  for  flood  damage  reduction  in  the  Pawtuxet  River 
Basin.  These  plans,  and  the  recommendations  of  the  study 
report  were  incorporated  in  the  plan  formulation  process 
of  the  Big  River  Reservoir  Study  and  were  utilized  in  the 
development  of  water  resources  management  plans. 

Attachment  I,  therefore,  provides  the  reader  with 
detailed  descriptions  of  the  planning  process  conducted 
for  the  Pawtuxet  River  Basin  flood  damage  reduction  study 
which  is  summarized  in  the  preceding  report  volumes. 
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INTRODUCTION 


The  purpose  of  this  study  Is  to  investigate  the  flooding  and  asso¬ 
ciated  water  resource  problems  in  the  Pawtuxet  River  Basin  and  to 
develop  a  plan,  acceptable  to  the  local  interests,  that  would  solve 
these  problems.  Various  flood  control  alternatives  responsive  to  the 
needs  of  the  basin  arc  presented  in  this  report. 

STI-nv  authority 

This  report  is  submitted  in  partial  compliance  with  seven  Congres¬ 
sional  resolutions,  combined  under  one  resolution  adopted  by  the 
Committee  on  Public  Works  of  the  United  States  Senate.  These 
resolutions  submitted  after  the  March  1968  ilood,  authorized  the 
Pawcatuck  River  and  Narragansett  Bay  Drainage  Basins  (PNB)  Study, 
which  includes  the  Pawtuxet  River  Basin. 

SCOPE  ,0F  THE  STUDY 

This  report  presents  the  results  of  a  study  of  the  flooding  and  water 
resources  problems  In  the  Pawtuxet  River  Basin,  one  of  five  major 
watershedzs  in  the  Pawcatuck  River  and  Narragansett  Bay  Drainage 
Basins  (PNB)  Study.  It  makes  a  determination  of  the  advisability  of 
making  Improvements  in  the  interest  of  flood  control  and  allied 
purposes.  A  map  showing  the  relationship  of  the  Pawtuxet  River  to 
the  entire  PNB  study  area  follows  as  Plate  1-i.  All  reasonable 
alternative  plans  to  solve  the  area's  water  resource  problems  were 
considered.  The  selection  of  the  recommended  plan  was  made  after 
considering  all  factors,  Including  those  expressed  by  concerned 
agencies  and  local  interests.  The  studies  were  made  in  the  depth 
and  detail  needed  to  permit  plan  selection  and  to  determine  its 
feasibility. 

The  remainder  of  the  river  basins  included  in  the  authorizing 
resolutions  will  be  considered  in  separate  feasibility  studies.  See 
Appendix  for  listing  of  reports.  A  separate  ongoing  interim  report 
for  Big  River  Reservoir  in  the  headwaters  of  the  South  Branch 
Pawtuxet  River  is  currently  being  prepared  bv  this  office.  That 
report  is  investigating  the  socio-economic  effects  as  well  as 
deriving  detailed  costs  for  the  multi-use  reservoir.  Several 
preliminary  reports  have  derived  various  cost  estimates  for  a  water 
supply  reservoir  and  a  water  supply-flood  control  reservoir.  These 
prior  estimates  considered  varying  subsurface  conditions  as  a  part  of 
the  ongoing  study.  A  detailed  foundations  and  materials  analysis  has 
been  undertaken.  This  report  is  attached  to  the  detailed  Big  River 
Reservoir  report. 


STUDY  PARTICIPANTS  AND  COORDINATION 


The  New  England  Division,  Corps  of  Engineers,  had  the  principal 
responsibility  for  conducting  and  coordinating  the  study  and  the  plan 
formulation,  consolidating  information  from  the  studies  by  other 
agencies,  and  preparing  this  report.  Other  participants  were  con¬ 
tacted  during  the  progress  of  the  study  and  their  views  incorporated, 
included  the  following: 

Federal  Agencies 

U.S.  Fish  and  Wildlife  Service 
U.S.  Environmental  Protection  Agency 
New  England  River  Basins  Commission 

State  Agencies 

Rhode  Island  Water  Resources  Board 
Statewide  Planning  Program 
Department  of  Public  Health 
Department  of  Environmental  Management 
Historical  Preservation  Commission 

Local  Agencies/Organizations 

City  of  Warwick. 

City  of  Cranston 
Town  of  West  Warwick 

Four  initial  public  meetings  were  held  in  May  1969  for  the  PNB  study. 

These  meetings  were  held  in  Taunton  and  Uxbridge,  Massachusetts  and 
Providence  and  Kingston,  Rhode  Island.  The  purpose  of  these  meetings 
was  to  afford  local  interests  the  opportunity  to  express  their  needs 
and  desires,  to  exchange  information  concerning  the  study,  and  to 
comment  on  some  of  the  possible  plans  that  could  be  considered. 

Subsequent  to  those  meetings,  numerous  informal  meetings  were  held 
with  State  and  municipal  interests  and  concerned  citizens. 

Two  plan  formulation  public  meetings  were  held  on  6  and  8  May  1975  at 
Warwick  and  Cranston,  Rhode  Island,  respectively.  The  purpose  of 
these  meetings  was  to  present  all  of  the  alternative  plans  developed 
during  the  investigation  and  to  incorporate  public  desires  in  plan 
formulation  and  choice  of  the  most  desirable  alternative.  Informa¬ 
tion  booklets  ,and  plans  were  distributed  prior  to  these  public  f 

meetings  to  all  concerned  Federal,  State  and  municipal  interests, 
news  media,  and  approximatley  325  organizations  and  individuals.  At 
these  meetings,  the  people  supported  the  Natick  Diversion  tunnel,  the 
Norwood  Local  Protection,  the  Warwick  Avenue  Local  Protection  and  a 
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future  action  program  consisting  of  incremental  flood  control  storage 
at  Big  River  Reservoir.  They  requested  that  additional  environmental 
studies  on  the  diversion  tunnel  be  conducted  along  with  a  nonstruc- 
tural  plan  for  the  heavy  damage  areas. 

The  requested  \  ork  items  evolving  from  the  public  participation 
program  were  completed.  A  subsequent  public  meeting  was  hold  in 
Warwick  on  I'*  October  1976  presenting  the  results  of  the  study 
findings.  Copies  of  the  re;  ri  an the  draft  Environmental  Imoact 
Statement  •-’ere  distributed  to  the  pi>*  ? ic  prior  to  the  meeting.  Th» 
recommended  plan  consisted  of  the  saw...  i.:«a.r,,res  previously  pre¬ 
sented.  "’his  plan  was  now  found  to  be  unacceptable  to  the  public. 
Although  the  plan  was  economically  feasible,  opposition  from  out-of¬ 
basin  residents  cited  high  construction  costs  ($60,000, OOC  project 
cost)  and  fear  of  environmental  harm  to  Apponaug  Cove  and  Greenwich 
Bay. 

Subsequent  meetings  held  between  October  1976  and  May  1977  to 
determine  the  future  course  of  action  resulted  in  additional  plans 
being  offered  for  conservation.  They  were  presented  at  another  late 
stage  public  meeting  held  on  ’9  May  9/  ,  Local  flood  management 
measures  and  'Study  bindings  were  discussed  with  Warwick  and  State 
officials  on  3  March  1979,  Warwick  residents  on  8  March  1979.  aid 
Cranston  officials  on  4  May  1979. 
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STUDIES  OF  OTHERS 


Numerous  reports  have  been  prepared  focusing  attention  on  the 
Pawtuxet  watershed.  Some  of  the  more  pertinent  are  listed  below: 

Early  Rhode  Island  Water  Supply  Reports,  1928-1936 

Flood  Control  Survey  Report  of  1939 

The  New  England-New  York  Inter-Agency  Committee  Report,  March, 
1955 

Navigation  Survey  Report,  June  1961 

Narragansett  Bay  Area  Hurricane  Survey  Reports,  August,  3957 

Rhode  Island  Water  Supply  Reports,  June,  1967 

Northeastern  United  States  Water  Supply  Study  Feasibility 
Report,  November,  1969 

Flood  Control  Reconnaissance  Report,  December,  1971 

North  Atlantic  Regional  Water  Resources  Study  Report,  June,  1972 

Brown  University  Water  Quality  Report,  August,  1972 

Cranston  Flood  Hazard  Analysis  Report,  September,  1973 

Flood  Control  Project  Environmental  Reports,  February,  1975 

Southeastrn  New  England  Study,  March,  1976 

Mathematical  Model  Analyses,  March,  1976 

EPA  Water  Quality  Study,  September  1975 

PNB  Water  Supply,  Study,  January  1979 

U.S.G.S.  Water  Resources  Investigations 

Rhode  Island  Statewide  Planning  Program,  Public  Water  Supply 
Plan,  September  1969 

Providence  Water  Supply  Board  Report,  1968 
Bristol  County  Water  Supply  Report,  May  1979 
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Flood  Insurance  Studies  under  the  authority  of  the  National 
Flood  Insurance  Act  of  1968  have  been  completed  for  Coventry, 
Cranston,  Providence,  Exeter,  Johnston,  Warwick,  West  Warwick 
and  West  Greenwich.  These  communities  are  now  on  the  Regular 
Program. 
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National  Objectives 

These  objectives  are  directed  towards  National,  State,  and  local  water 
and  related  land  resource  management  needs  specific  to  a  given  study 
area  that  can  be  addressed  to  enhance  multiple  objectives  of  National 
Economic  Development  (NED)  and  Environmental  Quality  (EQ). 

Components  of  the  NED  objective  for  the  Pawtuxet  River  Basin  are: 

1.  Reduce  flood  damages  along  the  mainstem  and  tributaries  if  the 
Pawtuxet  River. 

2.  Opportunities  for  additional  water  supply  to  the  State  of  Rhode 
Island. 

3.  Improve  the  economy  of  the  underemployed  labor  force. 

Components  of  the  EQ  objective  for  this  study  area  are: 

1.  Prevent  further  water  quality  degradation  of  the  Pawtuxet  River 
and  its  tributaries. 

2.  Create  recreational  areas  to  satisfy  local  demand  for 
noncontact  uses. 

3.  Develop  a  management  plan  precluding  unwise  use  of  the  flood 
plain. 

Existing  Conditions 

The  Pawtuxet  River  Basin  located  in  west-central  Rhode  Island 
consists  of  two  principal  branches  which  merge  to  for m  a  10.9-mile 
long  main  stem.  The  North  Branch  rises  in  the  hilly  uplands  of  Foster 
and  Glocester  near  the  Connecticut  border  and  flows  in  a  generally 
southeasterly  direction  through  Providence  and  Kent  Counties  toward 
Narragansett  Biy.  The  other  branch,  the  South,  originates  in  the  slightly 
lower  uplands  of  Coventry,  West  Greenwich  and  Exeter  in  Kent  County,  and 
flows  easterly  through  West  Warwick.  At  this  town  it  merges  with  the 
North  Branch  to  form  the  mainstem  of  the  Pawtuxet  River.  The  river 
flows  in  a  northeasterly  direction,  through  West  Warwick,  Warwick  and 
Cranston  before  it  discharges  into  Narragansett  Bay  via  Pawtuxet  Cove. 
Flows  from  several  smaller  tributaries  enter  the  mainstem. 

The  watershed  is  triangular  in  shape,  having  a  maximum  length  of  18 
miles  running  west  to  east  and  23  miles  width  from  north  to  south.  The 
drainage  area  at  its  mouth  in  Pawtuxet  Cove  is  230  square  miles.  The 
Woonasquatucket  and  Blackstone  River  Basins  bound  the  watershed  on  the 
north,  the  Thames  Basin  on  the  west,  the  Pawcatuck  on  the  southwest  and 
Narragansett  Bay  local  drainage  on  the  southeast.  A  basin  map  is  shown 
on  Plate  II-l. 


I 


r 


The  Pawtuxet  Basin  has  an  average  temperature  of  50°F  and  a  range  from 
-15°F  up  to  100°F.  The  annual  precipitation  averages  between  40  and 
48  Inches,  with  an  average  annual  snowfall  of  about  38  Inches.  Table 
II- 1  shows  monthly  and  annual  precipitations  at  Providence,  including 
mean  monthly  snowfall.  The  area  escapes  the  severity  of  cold  and  the 
greater  depths  of  snowfall  experienced  in  the  higher  elevations  of 
interior  New  England  due  to  the  moderating  influence  of  Narragausett 
Bay.  The  climate  is  variable,  with  frequent  but  generally  short  periods 
of  heavy  precipitation  caused  by  four  general  types  of  storms: 

Continental  storms  originating  over  the  central  or  western  United 
States,  move  east  with  the  prevailing  westerlies.  They  may  be  rapidly 
moving  cyclones,  or  stationary  frontal  storms  of  varying  intensity  which 
follow  one  another  at  more  or  less  regular  intervals  throughout  the 
year. 

Extratropical  coastal  storms  move  northeasterly  up  the  coast  of  the 
United  States,  generally  in  the  autumn,  winter,  and  spring  months.  They 
may  develop  into  "northeasters"  which  can  stall  off  the  New  England  coast 
for  several  days. 

Tropical  coastal  storms  which  may  have  impact  on  New  England  between  late 
spring  and  early  autumn,  usually  move  northward  along  the  Eastern  Sea¬ 
board  and  then  recurve  northeasterly,  passing  to  the  south  and  east  of 
New  England.  Hurricanes,  the  most  severe  of  the  tropical  storms,  may  be 
drawn  over  the  New  England  area  by  continental  cyclonic  disturbances  or 
deflected  by  "blocking  highs"  east  of  New  England.  The  lower  reaches  of 
the  Pawtuxet  River  are  susceptible  to  the  tidal  flooding  that  usually 
accompanies  tropical  hurricanes. 

Thunderstorms  produced  by  local  convective  activity  during  warm,  humid 
days  in  the  summer,  or  associated  with  a  frontal  system  moving  across 
the  watershed,  can  cause  local  flooding  on  tributary  streams  or  more 
general  flooding  when  abnormal  streamflow  or  saturated  surface  con¬ 
ditions  exist. 

TOPOGRAPHY 

The  Pawtuxet  River  Basin  is  located  entirely  within  the  New  England 
Physiographic  Province,  which  is  a  subdivision  of  the  Appalachian  High¬ 
lands  that  extend  from  Newfoundland  to  Alabama.  The  eastern  two-thirds 
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PLATE  II. | 


MONTHLY  TEMPERATURE,  PRECIPITATION  AND  SNOWFALL  DATA 
AT  PROVIDENCE,  RHODE  ISLAND 
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of  the  basin  lies  within  the  Seaboard  Lowland  Section  where  elevations 
range  from  sea  level  near  the  coast  to  over  500  feet  inland.  Moderately 
hilly  topography  becomes  more  rugged  proceeding  westward  and  northward. 
Valleys  become  narrower  and  moderately  steeper,  contributing  to 
extensive  development  of  industrial  dams. 

The  western  third  of  the  basin  lies  within  the  New  England  Upland  Sec¬ 
tion,  with  elevations  ranging  from  300  to  over  700  feet.  The  irregular 
topographic  surface  of  the  basin  is  controlled  primarily  by  underlying 
bedrock  rather  than  by  surficial  materials.  The  moderately  hilly  topo¬ 
graphy  was  modified  by  glacial  activity  which  eroded  the  hilltops  and 
deposited  materials  in  the  valleys,  thereby  reducing  the  overall  relief 
of  the  area. 

SURFICIAL  GEOLOGY 

Glacial  deposits  occur  throughout  the  basin.  They  vary  from  shallow 
thickness  at  higher  elevations  on  the  sides  and  tops  of  hills,  to  con¬ 
siderably  greater  thickness  in  the  valleys  and  at  lower  elevations. 

These  deposits  are  essentially  mixtures  of  sand,  silt,  gravel,  and  boul¬ 
ders.  Moderately  extensive  swamps  contain  soft  organic  silt  and  peat. 

Ground  moraine  or  till  —  an  unsorted  mixture  of  particles  ranging  from 
clay-size  to  boulders  —  is  the  principal  deposit  of  the  basin.  Outwash 
plains  of  sand  and  gravel  are  prevalent  in  the  eastern  and  southern 
parts. 

Future  planning  and  development  of  the  basin  is  subject  to  the  geologic 
restraints  of  these  topographic  conditions.  Foundation  conditions  are 
generally  good.  Subsurface  drainage  is  poor  to  fair.  The  eastern  and 
southeastern  sections  are  highly  developed,  due  to  the  relative  ease  of 
working  with  these  glacial  deposits.  Planning  must  place  a  strong,  con¬ 
trolling  emphasis  on  low  permeability  soils  in  the  hills,  high  ground- 
water  levels  in  the  valleys,  and  significant  flood  plains  in  the  lower 
basin. 

Engineering  factors  include  bearing  capacity,  which  is  generally  good  in 
the  basin  except  in  swamps,  control  of  surface  water  in  areas  of  low 
permeability  soils,  and  monitoring  of  groundwater  levels. 

Construction  factors  include  the  difficulty  of  excavation  in  high 
density  soils  where  boulders  are  present  and  where  bedrock  is  at  or  near 
ground  surface.  Areas  of  sand  and  gravel  deposits  in  valleys  are 
generally  most  desirable  for  construction  projects. 
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BEDROCK  GEOLOGY 


The  bedrock  of  the  Pawtuxet  River  Basin  includes  metamorphic,  igneous, 
and  sedimentary  types.  The  central  portion  of  the  river  basin  is  exten¬ 
sively  granite,  sandstone,  slate,  and  conglomerate  to  the  east.  Two 
faults  within  the  basin  are  not  considered  major  or  active. 

Planning  factors  center  on  the  desirability  and  difficulty  of  excavation 
of  rock  used  for  construction  purposes. 

Engineering  factors  are  concerned  with  utilizing  the  high  compressive 
strength,  slight  weathering  action,  and  good  to  excellent  durability 
characteristics. 

Construction  factors  relate  chiefly  to  the  high  excavation  difficulty 
encountered  on  the  sides  and  tops  of  hills. 

SEISMIC  ACTIVITY 

Most  of  the  basin  is  classified  as  an  area  of  minor  damage  potential. 

The  northern  most  section  may  undergo  moderate  damage.  The  potential  for 
earthquakes  must  be  evaluated  and  appropriate  factors  applied  to 
designs. 

MINERAL  RESOURCES 

There  are  seven  active  sand  and  gravel  producers  within  the  basin. 

Until  recent  years,  anthracite  coal  was  mined  intermittently  in 
Cranston. 

WATER  SUPPLY 

Groundwater  supplies  exist  in  varying  amounts  throughout  the  basin.  The 
western  half  and  the  western  sections  of  Cranston  and  Johnston  are 
served  by  private  wells.  The  two  most  promising  groundwater  reservoirs 
lie  in  the  southeastern  Coventry-northeastern  West  Greenwich  area  and  in 
the  eastern  Cranston-southwestern  Providence  area.  More  than  three 
million  gallons  per  day  (MGD)  are  presently  withdrawn  from  the  Cranston- 
Providence  aquifer  by  industrial  users.  But  the  high  potential  for  con¬ 
tamination  from  urban  development,  plus  moderately  high  iron  and 
chloride  concentrations,  make  it  unlikely  that  public  supply  wells  will 
be  developed  here. 

In  the  South  Branch  drainage  area,  the  Kent  County  Water  Authority  ob¬ 
tains  nearly  3  MGD  from  the  edges  of  the  Coventry-West  Greenwich 
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aquifer,  which  is  of  good  chemical  quality.  Possible  future  export  of 
groundwater  from  this  system  could  result  in  reduced  natural  discharges 
into  tributary  streams  and  the  South  Branch.  Although  injection  of 
treated  wastewater  has  been  rejected  as  uneconomical  for  aquifer 
recharge,  spray  irrigation  is  considered  a  future  option  for  aquifer  re¬ 
charge  in  the  South  Branch  system. 

Surface  water  from  the  Scituate  Reservoir  and  five  upstream  reservoirs 
is  supplied  to  much  of  the  eastern  portion  of  the  basin.  The  Providence 
Water  Supply  Board  obtains  72  MGD  from  these  sources  for  the  Providence 
system,  as  well  as  for  sale  to  other  communities.  Projections  indicate 
current  supply  will  be  unable  to  meet  demand  in  1985-90,  and  the  Rhode 
Island  Water  Resources  Board  has  acquired  land  and  has  initiated  design 
studies  for  the  proposed  Big  River  Reservoir  project,  upstream  from  the 
southern  arm  of  the  Flat  River  Reservoir*  It  would  have  an  initial 
yield  of  29  MGD  for  an  expanded  Providence  system. 

WATER  QUALITY 

Existing  water  quality  classification  in  the  Pawtuxet  River  Basin  are  as 
follows : 

Class  A  —  suitable  for  domestic  water  supply:  Scituate  Reservoir  and 
the  Big  River; 

Class  B  —  suitable  for  domestic  water  supply  with  appropriate  treatment 
and  for  swimming:  Flat  River  Reservoir  and  the  upper  reaches  of  the 
North  and  South  Branches; 

Class  C  —  suitable  for  fish  and  wildlife  habitat  and  boating:  most  of 
the  main  stem  and  the  lower  reaches  of  the  North  and  South  Branches; 

Water  quality  problems,  which  are  mainly  in  the  lower  reaches  of  the 
tributary  streams  and  in  the  entire  mainstem,  can  be  attributed  to  in¬ 
adequate  septic  tank  systems,  urban  runoff,  sluggish  flow  conditions 
caused  by  numerous  dams,  frequently  inadequate  streamflows  to  assimilate 
the  effluents  from  existing  treatment  facilities  inundation  of  sludge 
drying  areas,  and  leachate  from  solid  waste  disposal  areas. 

There  are  three  municipal  wastewater  treatment  plants  along  the  mainstem 
of  the  Pawtuxet  River  in  West  Warwick,  Warwick  and  Cranston,  plus  a 
State  sewage  treatment  facility  at  Cranston,  in  addition  to  several 
other  industrial  treatment  plants  within  the  basin.  Expansion  of  these 
plants  and/or  a  new  plant  at  Coventry  is  under  consideration. 


6 


Although  all  facilities  now  provide  the  equivalent  of  secondary 
treatment,  future  growth  and  plans  for  expanded  sewerage  systems  will 
result  In  additional  pollutlonal  Toads  being  placpd  on  the  receiving 
waters  of  the  lower  Pawtuxet-  Although  the  overall  water  qualit;  of  the 
Pawtuxet  has  improved  considerably  in  recent  years,  it  is  not  expected 
that  Class  B  waters  can  be  readily  attained  in  the  lower  Pawtuxet  the 

near  future.  As  significant  augmentation  of  existing  low  streamflows 
(particularly  low  during  most  weekends')  appears  unlikely  ir>  view  of 
increasing  water  supply  demands,  it  appears  that  more  sophisticated 
treatment  measures  will  be  required  at  existing  treatment  plants  : . 
higher  quality  water  is  deemed  necessary. 

SOILS  AND  VEGETATION 

The  lowlands  of  the  basin  consist  of  well  drained,  Merrimac,  f sandy 
loam  with  narrow  bands  of  poorly  drained  alluvial  soil  in  the  bottom 
lands  along  many  streams.  The  low  hills  are  principally  wo  12  drained, 
Narragansett  fine  sandy  loam.  In  the  higher  uplands,  the  predomi¬ 

nant  soil  is  well  drained,  Glocester,  stony,  fine  sandy  loam,  with'  exten¬ 
sive  areas  of  rough,  stony  land. 

Dairy  farming,  poultry  farming,  fruit  growing,  and  truck  gardening  arc 
the  principal  agricultural  activities  of  the  basin,  although  a  res  ¬ 
tively  low  pe-oentage  of  the  land  in  i.  >•  basin  is  under  Jn*uns1  v  ul 
tivation  or  pasturage. 

Outside  of  Providence,  forested  lands  total  between  ‘  ,  •  roer.t  in  <  eastern 

communities  and  82  percent  in  the  western  communit-w  i  >•:  hach- 

Extensi  ve  wetland  areas  exist  in  southeastern  Coventry,  nort  iven-’te-rn 
West  Greenwich ,  and  along  the  Big,  Gooseneck,  and  r,  rr  Rivers  t::a«  drain 
into  the  Flat  River  Reservoir.  There  are  also  tremor  n:  smaller  ••••t’arGs 
in  the  Pocasset  River  and  Meshanti;  ut  Brook  watersheds.  The  U- )  *  f 
the  wetlands  is  the  Mishr.ock  swamp  complex. 

FISH  AND  WILDLIFE 

Although  the  basin  has  an  extensive  network  of  streams  and  ponds  with 
fishing  potential,  most  of  these  water  bodies  are  not  accessible  to  the 
public.  All  but  two  Industrial  water  supply  reservoirs  are  closed  to 
the  public.  Only  nine  streams  are  stocked  with  trout.  Principal  warm- 
water  harvestable  fish  species  include  largemouth  and  smal.lmouth  bass, 
chain  pickerel,  brown  bullhead,  suntish,  and  yellow  and  white  perch. 

Most  of  the  accessible  streams  and  ponds  need  fishery  management  a;;  ir.net 
bodies  within  the  basin  carry  unbalanced  fish  populations  consisting 
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principally  of  small,  undesirable  species*  Existing  dams  and  stream 
pollution  preclude  anadromous  fisheries  or  the  development  of  fishways. 

OUTDOOR  RECREATION 

The  basin  is  oriented  toward  warm  weather  recreation.  All  communities 
have  athletic  fields  and  tennis  courts,  and  most  lower  basin  communities 
have  swimming  pools.  State  and  municipal  salt  water  beaches  are  avail¬ 
able  in  Warwick.  Public  picnic  facilities  are  available  in  all  communi¬ 
ties  and  at  State  parks  in  and  Just  outside  the  basin. 

There  are  five  golf  courses,  three  privately  operated  camping  areas,  and 
three  boy's  camps.  Hunting  is  a  popular  activity  on  public  and  non- 
posted  private  lands  throughout  the  basin.  Seven  trout  streams  are 
stocked  by  the  State. 

Fresh  water  boating  is  limited  to  a  few  reservoirs  and  ponds.  There  are 
a  few  State  boat  launching  ramps.  The  basin  population  has  ready  access 
to  extensive  salt  water  boating  facilities  nearby.  Sportfishing  boats 
may  also  be  chartered. 


8 


HUMAN  RESOURCES 


POPULATION  CHARACTERISTICS 

The  estimated  1970  population  of  the  230-square  mile  Fawtuxet  River 
Basin  was  180,000,  or  782  persons  per  square  mile.  In  the  more  densely 
populated  eastern  third,  population  densities  range  up  to  8,182  in 
Providence.  In  the  three  downstream  communities  —  Warwick,  Cranston 
and  West  Warwick  —  estimated  population  is  110,400,  and  population  den¬ 
sity  is  about  2,647  persons  per  square  mile.  Table  11-2  shows  community 
size  and  population  growth.  Population  projections  and  coramurh ‘y  devel¬ 
opment  are  summarized  under  "Future  D.  iopme.nt"  at  the  end  of  this  sec¬ 
tion. 

In  1970,  7.8  perceu.  '  th°  State's  residents  were  foreign  born  and  25 
p recent  had  foreign  or  mixed  parentage.  Roughly  one-third  of  the  ethnic 
backgrounds  were  Italian  or  Canadian.  British,  Irish,  Portuguese, 

Polish  and  Russians  accounted  for  another  third,  with  all  other  origins 
accounting  for  the  remainder.  The  black  population,  representing 
slightly  less  than  3.3  percent  of  the  State  population,  is  mostly  native 
born,  with  over  half  residing  within  Providence. 

COMMUNITY  CHARACTERISTICS 

The  six  upper  basin  communities  average  about  54.4  square  miles  in  area, 
with  Coventry  being  the  largest  with  the  area  of  62.2  square  miles.  The 
five  lower  basin  communities  average  about  22.7  sou  a  -  ■■  miles  in  area 
with  West  Warwick  being  the  smallest  with  an  area  of  r.  2  square  miles. 
Excluding  inland  water  areas  and  classifying  agriculi  .re.',  lands  as  "un¬ 
developed,"  only  6.5  percent  of  the  upper  basin  was  developed  in  1970  as 
compared  with  54.8  percent  of  the  lower  basin.  Data  concerning  median 
age,  education,  income,  housing  and  employment  are  presented  in  Table 
II-3,  "Community  Profiles."  Two  communities,  Smithfieid  and  East  Green¬ 
wich  were  excluded  from  the  table  as  only  approximately  25  acres  in 
Smithfieid  (mostly  orchard)  and  115  acres  in  East  Greenwich  (mostly 
forest  with  limited  residential  development)  are  located  within  the 
basin  limits. 

Manufacturing  is  the  principal  employment  in  the  six  lower  and  middle 
basin  communities  (including  Coventry),  accounting  for  30  to  44  percent 
of  the  total  employment.  Education  is  the  principal  occupation  in  the 
five  upper  basin  communities,  averaging  about  24  percent  of  the  total 
employment.  Trade  is  the  second  largest  occupation  In  all  com-munlties, 
followed  generally  by  service  skills,  government,  construction  and  other 
skills. 
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()i-:vu  OI'MINT  AND  ECONOMY 


EARLY  DEVELOPMENT 

Prior  Co  the  arrival  o*  7’Vr  pean  settler.?,  Rhode  Island  was  inhabited  by 
five  Indian  tribes  of  Air,  ncpin  s'u-ck.  The  first  European  settlement 
was  established  in  ib.JA  b  Koger  ••'iiljams,  who  fled  the  Massachusetts 
Bay  Colony  and  purchased  *  he  northern  naif  of  what  is  now  Rhode  Island 
from  the  Narragansett  tr  U  c  Ot'-i  settlements  in  the  !  o  ’n  fo'Arwc  in 
Cranston,  Warwick.,  Coventry,  and  (irr  locations. 

During  the  early  years  of  development,.  •  scattered  illapns  were 
principally  agricultural  communities.  arly  industries  ' n  ’ uded 
gristmills  and  sawmll  Is  at  .a  few  waterpower  sites,  and.  an  iron  J  vmdry 
in  Scituate.  Limited  mining  of  bog  iron  ('re,  soapstone,  end  granite  took 
place  and  a  small  fishing  i-  lust,  ry  dev«" opec .  The  seaport  of  Providence 
served  the  waterborne  ccimwerwe  needs  of  the  basin,  as  it  doef  today. 

In  the  early  1800's,  •  •iraero.is  waterpower  lies  were  dev  eloped  for  :  he 
manufacturing  of  textiles.  A  jewelry  and  silverware  industry  developed, 
and  many  industrial  sites  were  established  along  the  North  and  South 
Branches,  and  the  Per.  asset  PAver.  Rube  entfy,  metal  fabricating  in¬ 
dustries  devcl. *ed. 

LATER  DEVELOPMENT  AND  URBAN'  :A  ION 

The  Industrial  Revolution  saw  many  major  groups  ol  . j  "  '» r  established 
along  the  mains  tern,  the  IT'rtn  and  South  P  .-enahe-s,  ;..bc  Poi  asset 
River*  Each  group  became  an  independent  community.  Each  .set  of  mills 
was  worked  by  a  distinct  ethnic  g^oup,  and  Br Iff f  i  workers  were,  first 
displaced  b>  Irish,  then  French-C anadi an ,  Polifii,  Italian,  arid  most 
recently  Portuguese.  These  strong,  local  communities  pj  educed  the 
growth  of  "downtown"  central  business  districts,  axr.eot  in  Providence. 

From  the  Civil  War  through  I? arid  War  I,  the  area  continued  to  prosper 
and  its  industrial  base  grew.  During  the  1920's,  however,  textile  mills 
began  to  move  south  and  the  lower  basin  coramuni.ti as  began  to  decline. 
There  was  relatively  little  growth  or  migration  during  the  depression  of 
the  1930's. 

The  turning  point  in  the.  economy  came  in  the  early  1940's,  when  mills 
were  converted  to  war  work  and  new  industries  developed,  such  as  elec¬ 
tronics,  precision  ins* -aments,  and  plastic  and  synthetic  fibers.  Many 
new  jobs  were  created  a*  naval  installations  at  North  Kingstown  and  New¬ 
port.  And  the  ettensi  .1  of  the  public  transit  system  from  Providence 
into  the  lower  bisin  communities,  along  w'tb  the  growth  of  automobile 
transportation  created  new  suburban  devel opment. 


Between  1950  and  1970,  Pr evidence  lo9t  significant  population,  while  all 
other  lower  basin  communities  grow,  some  very  rapidly.  Many  new 
residents  were  attracted  by  the  desirability  of  suburban  living  close  to 
Narragansett  Bay.  Migration  was  assisted  by  t ha  availability  of  a  good 
highway  system.  Two  massive  shopping  centers  were  built  in  the  Pawtuxet 
flood  plain,  as  well  as  a  number  of  manufacturing  and  service 
Industries. 

Despite  this  growth,  P.hode  Island  as  a  whole  has  generally  experienced 
higher  unemployment  rates  than  the  rest  of  the  nation.  Since  World  War 
II,  there  has  been  only  one  boom  pe> li  d  11965-70),  but  four  major 
recessions.  During  the  present  reces  >:>ary  period,  Rhode.  Island's 
unemployment  rate  has  remained  roughly  twice  the  national  average. 

Rhode  Island  has  been  a  marginal  producer,  quick  to  feel  the  effects  of 
economic  downturn  and  slew  to  reap  the  rewards  of  prosperity.  Rhode 
Island  has  one  of  the  low-  st  educational  attainment  levels  in  the 
nation,  thus  restricting  nany  residents  To  low  paying  jobs.  Lack  of 
public  services  has  also  -restricted  the  growth  of  industry. 

Textiles,  jewelery,  and  silverware  continue  to  be  major  industries, 
with  Providence  still  pro/iding  the  preponderance  of  jobs  for  basin 
residences.  In  the  other  basin  communities,  trade,  diversified  manufac¬ 
turing,  government,  and  service  industries  represent  the  major  employ¬ 
ment  classification.  The  loss  of  20,000  military  rersomel  a*vi  10,000 
civilian  jobs  through  the  phase-our.  of  the  state's  rvc  major  naval 
installations  has  created  severe  economic  hardship,  a  though  this  should 
be  partially  offset  by  the  utilization  of  are  forme-  v>  a’  installation 
at  North  Kingstown  for  the  construction  of  nuclear  submarines. 

Urban  sprawl  and  commercial  strip  development  have  characterized  much  of 
the  growth  radiating  out  frem  the  earlier  m  11  villages.  New  industrial 
growth  has  tended  to  cluster  along  service  oads  or  railroads,  and  more 
recently  in  industrial  parks.  Table  11-4  s hows  Lane-  Use  in  11  basin 
communities. 

TRANSPORTATION  FACILITIES 

Providence  is  a  key  wholesale  distribution  center  in  the  heart  of  the 
New  England  market.  The  basin  is  well  served  by  all  types  of  transpor¬ 
tation. 

Major  highways  include  1-95  connecting  Boston,  Providence,  and  New  York; 
1-295,  the  southwestern  end  of  the  outer  belt  highway  around  Providence; 
two  high-speed  connectors,  one  to  the  State  airport;  U. S.  1;  and  Rhode 
Island  Routes  2  and  4.  U.S.  6  connects  Providence  with  Hartford,  and 
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1-195  carries  the  Fall  River-New  Bedford-Cape  Cod  traffic.  An  extensive 
secondary  State  road  system  serves  the  other  sections  of  the  basin. 

Four  interstate  bus  companies,  120  contract  trucking  firms,  and  \ocal 
and  regional  buses  service  the  area. 

Railroad  service,  both  bulk  freight  and  passenger,  connects  Providence 
an  the  lower  basin  with  Boston  and  ,New  York. 

Air  passenger  and  air  freight  needs  are  handled  at  the  State-operated 
T.F.  Green  airport,  near  the  center  of  Warwick,  with  five  major  airlines 
operating  over  100  flights  daily. 

Waterborne  commerce  is  served  by  the  Port  of  Providence,  which  has  a 
40-foot  deep  main  channel  and  21  terminals. 

FUTURE  DEVELOPMENT 

Sizable  population  increases  are  projected  for  the  inner  ring  of  suburbs 
by  1990,  particularly  Johnston,  Cranston,  and  Warwick.  The  outer  ring 
of  communities  are  also  expected  to  grow  substantially,  especially 
Coventry,  with  its  ready  access  from  1-95.  Table  II-2  shows  these  pro¬ 
jected  population  totals  and  growth  rates. 

Commercial  and  industrial  construction  can  be  expected  to  continue  to 
meet  these  population  increases.  All  of  the  communities  in  the  lower 
basin  have  developed  master  plans  to  guide  this  growth  in  an  orderly  way 
and  provide  the  necessary  pub  Lie  services. 
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LAND  USE  WITHIN  THE  FLOOD  PLAIN 


For  the  purpose  of  this  report  the  flood  plain  is  considered  to  be 
that  land  subject  to  inundation  at  events  approaching  a  Standard 
Project  Flood.  The  intermediate  regional  flood  plain  is  the  land 
Inundated  at  the  one  percent  flood.  Table  II-5  summarizes  the 
existing  (1975)  use  of  the  flood  plain *and  the  available  land 
currently  zoned  for  the  three  major  land  use  categories  along  the 
South  Branch  and  the  mainstem  Pawtuxet  River.  Most  of  the  available 
residential  land  is  located  in  Coventry  and  West  Warwick.  Since  the 
land  use  figures  were  complied,  approximately  50  acres  of  industrial 
land  have  been  developed,  some  of  it  below  or  at  the  hundred  year 
flood  levels.  About  20  percent  of  the  all  existing  commercial  and 
industrial  land  in  West  Warwick,  Cranston  and  Warwick  is  located  in 
areas  subject  to  inundation  by  the  Pawtuxet  River. 

Most  of  the  industrial-commercial  usage  is  in  complex  type  devel¬ 
opment.  However,  the  complexes  are  so  large  that  the  entire  mainstem 
of  the  Pawtuxet  River  could  be  considered  one  very  large  center, 
highly  developed  on  both  sides  of  the  river,  with  only  the  river  and 
housing  tracts  separating  individual  components. 

PUBLIC  AND  PRIVATE  PROGRAMS  FOR  MANAGING  RESOURCES 

The  most  common  program  for  managing  or  preventing  growth  in  this 
flood  plain  is  the  Flood  Insurance  Program.  All  of  the  basic  com¬ 
munities  are  operating  under  either  the  regular  or  emergency  program. 
To  enter  the  regular  program  they,  in  effect,  have  instituted  100  year 
flood  plain  zoning.  Another  program  that  entails  planning  of  the 
areas  resources  is  the  statewide  Section  208  study  conducted  for 
areawide  wastewater  management.  Various  local  conservation  groups 
have  set  up  site  specific  programs,  as  well  as  the  local  municipal¬ 
ities,  to  more  carefully  manage  the  area's  natural  resources. 

Institutions  involved  in  resource  management  control  a  significant 
area  in  the  Pawtuxet  Basin.  The  largest  holder  of  a  land  area  is  the 
Providence  Water  Supply  Board,  which  owns  and  operates  the  Scituate 
Reservoir  complex  on  the  North  Branch.  The  Board  owns  about  25  square 
miles  of  lands,  virtually  all  above  the  Scituate  Reservoir.  The  State 
of  Rhode  Island  also  owns  considerable  land  in  the  basin.  Their  Water 
Resources  Board  owns  about  8,500  acres,  13.3  square  miles  of  land  at 
the  location  of  the  proposed  Big  River  Reservoir.  Several  other  large 
areas  of  land  have  been  set  aside  as  park  complexes  and  are  owned  or 
operated  by  many  public  institutions.  Some  of  the  larger  areas  are 
Snake  Den  State  Park,  J.L.  Curran  Park,  the  George  B.  Pawker  Woodland, 
Roger  William  Park,  the  Pawtuxet  Reservation  and  Meshanticut  State 
Park.  The  institutions  owning  these  tracts  of  land  should  be  able  to 
Insure  that  no  development  or  changed  conditions  occur  for  the  im¬ 
mediate  future.  In  addition  to  these  land  holders,  the  Quidneck 
Reservoir  Company  owns  and  operates  several  fairly  large  water 
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impoundments,  on  the  South  Branch  drainage  area*  The  largest  of 
these  are  Flat  River  Reservoir  and  Tiogue  Lake.  Their  land  holdings, 
however,  are  minimal.  They  are  planning  to  develop  small  hydropower 
installations  at  some  of  their  dams. 

SIGNIFICANT  ENVIRONMENTAL  ELEMENTS 

In  the  project  region  there  are  certain  areas  or  specific  sites  which 
have  significance  from  particular  environmental  aspects.  The  St-ate 
of  Rhode  Island  has  identified  approximately  220  places  of  special 
geological,  botanical,  hydrological,  zoological  or  aesthetic  interest 
throughout  the  State  in  a  survey  of  unque  natural  areas  which  merit 
protection  and  conservation.  This  program  is  being  directed  by  the 
New  England  Natural  Resources  Center.  To  our  knowledge,  as  a  result 
of  our  field  studies,  none  of  these  sites  will  be  impacted  by  any  of 
the  alternative  plans. 

There  are  numerous  sites  in  the  watershed  that  are  currently  listed 
on  the  National  Register  of  Historic  Places.  There  are  also  many 
sites  or  areas  with  historic  significance  which  are  being  considered 
for  inclusion  in  the  Register.  Three  of  these;  Nooseneck  Mill  Sites, 
New  London  Turnpike,  and  Sweet  Sawmill  Road  are  situated  in  the  Big 
River  Reservoir  project  area.  If  the  reservoir  were  built,  portions 
of  the  remaining  mill  foundations  would  be  inundated,  while  others 
would  be  above  the  permanent  pool. 

There  are  no  specific,  unique,  environmental  eleme o's  in  either  the 
proposed  Warwick  Avenue  Local  Protection  area  or  the  <rwood  area  that 
would  be  impacted  by  construction.  The  Big  River  Reservoir  project 
area  does  possess  certain  areas  dominated  by  coniferous  forest.  The 
forthcoming  feasibility  report  on  Big  River  will  discuss  all 
significant  environmental  elements  in  detail. 

WITHOUT  CONDITION  PROFILE 

The  condition  most  likely  to  occur  in  the  basin  without  any  Federal 
action  will  be  continued  growth.  With  the  advent  of  the  Flood  Insur¬ 
ance  Program  the  trend  of  unwise  development  of  the  intermediate  flood 
plan  should  be  reduced,  but  not  eliminated.  Development  will  continue 
to  occur  in  the  land  area  between  the  100-year  flood  and  the  Standard 
Project  Flood.  Losses  can  therefore  be  expected  to  increase  although 
not  in  the  same  proportion  as  prior  to  the  initiation  of  the  Flood 
Insurance  Program  and  flood  plain  zoning. 

The  entire  basin  is  experiencing  rapid  growth.  As  such,  the  runoff 
rate  will  increase  substantially,  causing  higher  flood  peaks  than 
previously  experienced.  Development  that  is  now  flood  free  at  a 
hundred  year  flood  could  get  damaged  at  a  fifty  year  event  due  to  this 
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urbanization*  The  assumptions  used  to  derive  the  future  hydraulic 
conditions  were  that  the  communities  will  adhere  to  the  zoning  re¬ 
quired  under  the  Flood  Insurance  Program.  No  loa6  of  natural  valley 
storage  was  anticipated.  If  the  zoning  is  not  adhered  to  and  the  flood 
plain  is  filled  along  with  upstream  holding  areas,  the  situation  will 
worsen  and  greater  increases  in  flood  stages  can  be  anticipated.  liven 
with  wise  development,  the  lower  Pawtuxet' s  flood  problems  will 
significantly  worsen.  More  frequent  flooding  can  be  expected  with  a 
larger  area  subject  to  inundation. 

Problems  on  the  North  and  South  Branches  will  not  be  as  intense  as 
those  on  the  mainstem.  The  lower  reaches  o'  the  Meshanticut  Brook  and 
the  Pocasset  River  will  experience  the  same  problems  as  the  mainstem 
in  addition  to  the  increased  runoff  from  upstream  areas.  They  will 
also  feel  the  effects  of  increased  stages  on  the  Pawtuxet  as  those 
tributaries  will  not  be  able  to  discharge  flows  as  quickly  and  this 
will  result  in  increased  heights. 

PROBLEMS,  NEEDS  AND  OPPORTIJNTIES 

The  Pawtuxet  River  has  been  subdivided  into  sixteen  damage  zones, 
shown  on  Plate  II-2.  Only  problems  relating  to  flood  damage  potential 
are  discussed  herein.  Five  of  the  zones  have  minor  or  negligible 
annual  damages  and  have  been  eliminated  from  further  consideration  as 
part  of  a  basin  management  plan.  These  consist  of  the  area  upstream  of 
Scituate  Reservor,  Zone  1;  the  area  upstream  of  Flat  River  Reservoir, 
Zone  2;  the  area  between  Riverpoint,  the  merging  point  of  the  North 
and  South  Branch,  down  to  the  Natick  Dam  on  the  Pawtuxet  mainstem;  the 
headwaters  and  upper  reaches  of  Meshanticut  Brook,  Zone  4A;  and  the 
upper  reaches  of  Roger  Williams  Brook,  Zone  7A.  The  remaining  II 
damage  zones  are  described  as  follows: 

Tributary  Streams 

Zone  1A  -  This  reach  begins  at  the  Memorial  Dam  impoundment  at  Scituate 
Reservoir  and  terminates  at  the  confluence  with  the  South  Branch  in 
Riverpoint.  Potential  for  damages  do  exist,  but  the  affected  struc¬ 
tures  are  dispersed  throughout  the  river's  reach. 

Zone  2A  -  This  area  begins  at  the  dam  controlling  Flat  River  Reservoir 
and  runs  downstream  to  the  confluence  with  the  North  Branch  at  River¬ 
point.  The  major  damage  area  in  its  reach  is  the  America  Hoescht, 
where  several  structures  could  experience  losses.  Overall,  damages 
are  slight. 

Zone  4B  -  Meshanticut  Brook  -  This  reach  commences  at  the  1-295  bridge 
crossing  south  of  Wilbar  Avenue  and  ends  at  the  normal  confluence  with 
the  Pawtuxet  River.  Damages  at  this  reach  are  confined  mainly  to 
residential  type  structure  and  contractor's  storage  yards.  Most  of 
the  flooding  is  due  to  backwater  of  the  Pawtuxet. 
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Zone  6A  -  Upper  Pocasset  River  -  Within  tills  port"  ■  p  of  the  Porasset, 
running  from  the  headwaters  downstream  to  Resei  -n'.r  Avenue  in 
Cranston,  potential  damage  areas  are  mafn'y  reside-;  tial,  including 
both  single  family  and  raulti-uni'  structures.  S*  an  i  ntermeciiat< 
flood  event,  portions  of  Rot  -iry  Drive,  LaFazia  D-  e,  Center  Street, 
and  Middle  Street  all  in  Johnston,  and  Dyer  Street  in  Cranston  are 
inundated.  Commerical- Industrial  s--s  are  potential  at  po-tions  of 
Dyer  Street,  at  Cranston  Print  Wonts,  Cranst-m  Street,  Knollwood 
Avenue  and  Fletcher  Avenue. 

Zone  6B  -  Lower  Pocasset  River  -  Beginning  at  Reservoir  Avenue.  t 
extends  downstream  until  it  Hows  in:  lie  P* vtuxet  r.'.rt.  Other  than 

some  minor  commercial  losses  along  Re  a  >ir  tvenuc  and  the  Cranston 
Press  on  Pontiac  Avenue,  losses  are  felt  mainly  by  new  mu'!  ri-u  nit 
residential  type  establishments  that  have  been,  built  unwise!'-  v-  thin 
the  intermediate  flood  limits.  Most  of  the  losses  a rn  at'rt  i  .••Jh  ible  to 
clean  up  costs,  replacement  ./repair  of  heating  plant  equipment ,  laundry 
rooms,  and  workshops.  However,  some  multi-unit  coup] cvr-e.  can  have 
occupied  basement  units  under  water.  The  flooding  to  t'Hs  zone  is 
caused  by  backwater  conditions  of  the  Pawtuxef  Ft  er. 

Zone  7B  -  Roger  William  Erook  -  This  reach  beeins  at  ’’ark  Avenue  and 
terminates  at  the  Pawtuxet  River.  The  f , coding  in  this  zone  is  also 
caused  by  backwater  conditions  of  toe  pawtuxet.  The  main  orec*-  that 
would  be  damaged  are  the  Atlantic  Tubing  Company  and  '  :  kn_~Geig"  complex. 
Flooding  In  this  reach  as  opposed  to  the  flooding  r-4  •  7  ii'-elf  is 

difficult  to  seoarate. 

Pawtuxet  Ri.er  Mainstem 

Damages  along  the  reaches  of  the  mains hem  are  e>f  rercvly  high-  There 
are  about  2,000  various  types  of  structures  subject"  fc  inundation  from 
storms  ranging  from  a  yearly  event  up  to  a  Standard  Project  Flood. 
Descriptions  of  damages  by  zones  are  discussed  In  the  following 
paragraphs.  Plates  II-3  and  IT-4  show  these  flooded  areas. 

Zone  4  -  This  area  begins  just  downstream  of  the  Natick  Dam  in 
Warwick-West  Warwick  and  terminates  at  the  Pontiac  Pam  in  Warwick. 

Areas  subject  to  flooding  extend  along  the  entire  length  of  the  zone.  A 
very  high  concentration  of  damages  exists  in  the  Midland  Mall  and 
Warwick  Mall  areas,  surrounding  stores,  and  an  apartment  complex. 

Also  of  concern  is  the  West  Warwick  sewage  treatment  plant.  This  is 
due  to  possible  water  quality  degradation  caused  by  inundation- 

Zone  5  -  Starting  at  the  terminus  of  Zone  4,  this  zone  ends  at  the 
location  of  the  U.S.G.S.  gaging  station  in  Cranston.  Damages  in  this 
reach  are  not  as  severe  as  in  Zone  4.  Most  of  file  annua?  damages  are 
sustained  by  the  Pontiac  Print  Works  and  the  Bulovu  Watch  Company. 

Both  of  these  major  firms  can  sustain  moderate  damage  at  events 


as  frequent  as  the  15-year  storm.  Another  major  concern  is  the 
Warwick  sewage  treatment  plant.  The  chlorine  contact  tank  can  be 
flooded  by  almost  the  yearly  type  event.  Although  physical  damage  is 
minor,  the  unit  is  shut  down  and  the  unchlorinated  but  treated 
effluent  enters  the  Pawtuxet.  At  between  a  S  and  10-year  frequency 
flood,  the  settling  tanks  and  aeration  units  can  become  inundated. 
Although  the  physical  losses  mount  up  with  each  incremental  height  of 
water,  the  total  losses  are  still  relatively  minor. 

Zone  6  -  This  reach  extends  downstream  to  -he  Elmwood  Avenue  Bridge 
in  Warwick-Crans fon.  Damages  in  this  zone  ^ -p  the  smallest  of  all 
the  mainstem  reaches  with  the  exception  of  ne  3.  The  Jefferson 
Avenue  Industrial  Park  in  Warwick  consisting  of  Edward  Electronic, 
Ryder  Truck  Rental  Company,  and  Colony  Ford  Company  does  sustain 
heavy  damages,  with  the  Initial  losses  starting  at  about  a  10-  year 
flood  event.  Also  in  this  area  is  a  major  electrical  transformer 
substation.  This  station  would  be  inoperable  during  a  50-year  event 
and  major  rerouting  of  electricity  would  be  necessary. 

Another  industrial  park,  Wellington  Avenue  in  Cranston  has 
experienced  past  damages  from  the  1958  flood  a  10-  to  15-year  event. 
Some  Intensified  use  of  the  various  industrial  outbuildings  by  a 
glass  storage  warehouse  and  the  Elmwood  Sensors  Company  will  result 
in  much  higher,  recurring  type  losses.  A  moderately  large  number 
yard  on  the  opposite  bank  in  Warwick  is  also  flood  prone.  Its  losses 
depend  on  the  amount  of  immovable  material  in  storage  at  the  rime 
flooding  occurs. 

Zone  7  -  This  area  sustains  extremely  high  annual  damages.  From  the 
termination  point  of  Zone  6,  it  extends  downstream  to  the  sewer 
trestle  crossing  the  Pawtuxet  and  the  Ciba-Geigy  Complex.  Very  high 
damages  are  possible  at  this  location,  particularly  on  the  Cranston 
side.  Damages  would  begin  at  about  a  fifteen  year  event.  The 
Atlantic  Tubing  complex,  in  Cranston,  which  can  also  become  flooded 
by  backwater  from  Zone  7B,  is  also  likely  to  sustain  heavy  damages. 

An  extremely  flood-prone  residential  area  is  located  in  Warwick. 
Locally  known  as  the  Belmont  or  Norwood  area,  this  site  located  off 
Elmwood  Avenue  has  about  50  homes  that  would  sustain  moderate 
damage  at  a  hundred  year  flood.  If  a  small  dike,  constructed  by  the 
Corps  of  Engineers  in  1970  with  Emergency  Operations  funds,  did  not 
exist,  the  area  would  be  flooded  annually.  The  dike,  which  was 
recently  overtopped,  provides  protection  to  about  a  fifteen  year 
flood  level.  The  100-year  flooded  area  Is  shown  on  Plate  II-5. 

Zone  8  -  Damages  In  this  zone  are  also  extremely  heavy.  Flooding 
occurs  from  either  the  Pawtuxet  River  flows  or  from  storm  driven 
tides  in  Narragansett  Bay.  This  damage  area  extends  from  the  sewer 
trestle  at  Ciba-Geigy  and  ends  at  the  Broad  Street  Dam  at  the  head 
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of  Pawtuxet  Cove.  Other  than  the  Pawtuxet  Reservation  conservation 
land  in  Cranston  and  a  one-quarter  mile  strip  of  high  undevelopable 
land  on  the  rivers  edge  between  the  dam  and  ITT  Hammel  Dahl  Corpora¬ 
tion  in  Warwick,  the  remaining  land  is  highly  developed  and  flood- 
prone.  The  entire  south  bank  in  Warwick,  other  than  the  above 
mentioned  high  river's  edge,  is  occupied  by  the  Warwick  Industrial 
Park,  which  constats  of  15  individual  structures  housing  over  30 
primarily  industrial  concerns.  Each  is  situated  at  or  within  one  foot 
of  the  hundred  year  flood  stage.  Two  concerns  could  receive 
especially  high  losses:  Sealol  and  I'7”!  Hammel  Dahl.  Plates  II-6  and 
II-7  show  the  flooded  areas  at  a  IOC-  •ar  and  Standard  Project  Flood, 
respectively. 


PLANNING  CONSTRAINTS 

-  As  the  lower  portion  of  the  basin  is  highly  urban,  any  location 
protective;  measure  must  provide  for  Standard  Project  Flood 
protection. 

-  Any  channel  Improvements  cannot  worsen  conditions  upstream  or 
downstream  without  previsions  for  mitigation. 

-  Existing  reservoirs  are  not  available  for  flood  control  storage  due 
to  present  usage  and  project  life. 

-  Environmental  impacts  of  out-of-basin  transfer  of:  voters  must  he 
assessed  if  recommended. 

-  For  benefit  calculation  purposes,  all  new  growth  must:  adhere  to 
the  provisions  of  the  National  Flood  Insurance  Policy  as  required  by 

law. 


PLANNING  OBJECTIVES 

-  Reduce  existing  flood  losses  in  the  Pawtuxet  River  Basin. 

-  Minimize  impacts  to  existing  natural  resources. 

-  Alert  flood  plain  inhabitants  and  the  general  public  to  the 
dangers  of  flooding  in  the  Pawtuxet  River  Basin. 

-  Reduce  social  impacts  to  residents  of  the  Norwood-Belmont  Park 
area  from  the  trauma  of  continual  inundation  caused  by  almost  yearly 
flooding  of  the  Pawtuxet  River. 

-  Minimize  the  potential  for  future  additional  losses  to  presently 
undeveloped  lands. 
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Principal  water  resource  problems  within  the  basin  show  the  need  for 
flood  management  measures,  phased  development  of  public  water 
supplies  and  water  quality  improvement  measures.  Alternative 
solutions  for  satisfying  flood  control  needs  are  evaluated  in  thiB 
section.  Water  supply  and  water  quality  Improvement  measures  have 
been  the  subject  of  previous  and  ongoing  studies  by  the  Rhode  Island 
Water  Resources  Board,  Rhode  Island  Statewide  Planning  Program,  and 
this  office. 

MANAGEMENT  MEASURES 

All  potential  regulatory  and  corrective  measures  for  meeting  the 
flood  protection  needs  of  the  basin  were  initially  identified  and 
briefly  appraised.  Inqjlausible  measures  were  rejected.  A  No  Action 
Program  (one  entailing  no  Corps  of  Engineers  participation)  was 
considered  throughout  the  plan  formulation  process.  It  assumes  that 
all  communities  would  control  growth  within  their  flood  plains,  at 
least  to  meet  the  minimum  requirements  of  the  ongoing  National  Flood 
Insurance  Program  (NFIP) .  The  NFIP  provides  a  Federal  subsidy  to 
private  Insurers  so  that  flood-prone  properties  may  be  eligible  for 
flood  Insurance  ($90,000  limit  for  single  family  residence  and 
contents,  and  $400,000  limit  for  nonresidential  property  and 
contents). 

Presently  most  basin  communities  have  initiated  participation  in  the 
NFIP  which  should  lead  to  local  programs  for  controlling  growth 
within  the  flood  plains.  Communities  declining  to  participate  become 
Ineligible  for  any  Federal  expenditures  within  a  flood-prone  devel¬ 
opment,  and  property  owners  for  properties  within  the  flood  plains 
would  be  unable  to  obtain  financing  from  Federally  insured  lending 
institutions. 

Regulatory  measures  discourage  the  use  and  development  of  the  flood 
plains,  thus  lessening  the  threat  of  flood  damage  and  possible  loss 
of  life. 

Flood  plain  regulations  help  avoid  repetition  of  past  building  errors 
by  preventing  additional  construction  on  already  developed  flood 
plains.  Communities  may  adopt  more  stringent  regulations  than  those 
required  by  the  National  Flood  Insurance  Program.  Such  restrictions 
require  the  enactment  of  ordinances  to  implement  and  enforce  land  use 
planning  programs  involving  the  delineation  of  flood  hazard  areas. 

Encroachment  lines  drawn  on  the  map  on  each  side  of  a  watercourse 
show  the  lateral  limits  within  which  development  must  be  restricted 
in  order  to  preserve  the  flood  carrying  capacity  of  the  stream  and 
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prevent  further  growth  in  the  flood  plain.  Figure  III-l  is  a  sche¬ 
matic  drawing  of  this  concept.  The  central  portion,  or  tioodway, 
consists  of  the  stream  channel  and  that  portion  of  the  adjoining 
flood  plain  required  to  pass  a  100-year  flood.  No  construction  or 
filling  should  be  allowed  there,  although  parking  lots,  recreation, 
agriculture,  and  other  nonstructural  uses  may  be  permitted,  provided 
that  the  free  flowing  state  of  the  floodway  is  not  impaired. 

The  floodway  fringe  is  the  remainder  of  the  100-year  flood  plain. 
Limited  encroachment  or  filling  may  be  allowed  here,  providing  it 
does  not  cause  the  water  level  of  the  100-year  flood  to  rise  more 
than  one  foot  (or  less  if  so  establisi  by  State  or  local  regu¬ 
lations).  Any  construction  here  must  bt  ' lood-proofed  to  the  100- 
year  flood  level. 

Zoning  is  the  legal  measure  used  to  enforce  land  use  and  development 
restrictions  in  the  flood  plain  by  governmental  agencies.  It  insures 
the  safekeeping  of  this  property  for  the  health,  welfare,  and  safety 
of  the  public. 

Subdivision  regulations  are  used  by  local  governments  to  control 
construction  in  undeveloped  flood  plains  by  specifying  minimum  ele¬ 
vations,  drainage,  location  restrictions,  and  other  conditions  to 
prohibit  encroachment  in  flood  hazard  areas. 

Land  use  programs  for  conservation,  scenic,  and  flood  control 
purposes  may  include  land  use  restrictions,  purchase  of  'end  use 
rights,  lowering  of  tax  assessments,  and  other  measure',  tr  meet 
public  objectives  —  such  as  preventing  development  in  flood  plains 
—  while  allowing  continued  private  ownership  of  the  land. 

Other  regulatory  measures  to  lessen  the  threat  of  flood  losses 
Include: 

Building  codes  which  specify  minimum  standards  of  design,  con¬ 
struction,  and  quality  cf  materials  to  reduce  potential  flood  damages 
in  structures  whose  location  in  flood  hazard  areas  cannot  be  pre¬ 
vented.  Such  restrictions  could  prevent  buildings  from  floating  off 
their  foundations,  establish  minimum  basement  and  first  floor 
elevations  consistent  with  potential  flood  occurrences,  prohibit 
basements  that  would  be  subject  to  shallow  flooding,  require  rein¬ 
forcement  to  withstand  water  pressure  or  high  velocity  flow,  restrict 
the  use  of  materials  which  deteriorate  rapidly  in  the  presence  of 
water,  and  prohibit  equipment  that  might  be  hazardous  to  life  when 
submerged. 
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100  YEAR  "LOOD  PLAIN 


Urban  redevelopment  presents  opportunities  to  remove  developments 
from  the  flood  plain  and  make  sure  that  new  construction  In  the  flood 
plain  Is  designed  to  withstand  flooding. 

Tax  adjustments  on  land  dedicated  to  open  space  uses,  such  as 
agriculture,  recreation,  and  conservation  helps  to  preserve  unde¬ 
veloped  flood  plains. 

Warning  signs  of  previous  high  water  levels  warn  prospective  buyers 
that  a  flood  hazard  exists.  Required  certification  by  sellers  that 
the  property  Is  reasonably  flood  free  is  even  more  effective. 

Health  and  fire  regulations  should  include  contingency  plans  for 
temporary  evacuation  of  people,  property,  and  livestock  from  low 
lying  areas,  prevention  of  disease  should  water  supplies  become 
polluted  or  sanitation  facilities  inoperative,  accessibility  to  fire 
fighting  equipment,  and  emergency  fire  reporting  systems. 

Flood  forecasting  can  reduce  property  losses  significantly  and  save 
lives.  Information  from  the  Federal  government's  extensive  weather 
forecasting  system  should  be  effectively  disseminated  at  the  local 
level. 

Structural  components  are  often  the  most  practical  way  to  control 
floods  and  reduce  damage  in  heavily  urbanized  flood-prone  areas  where 
regulatory  measures  would  be  too  expensive  or  environmentally  or 
socially  undesirable. 

Land  treatment  measures  reduce  erosion,  reduce  runoff,  end  lessen  the 
damaging  movement  of  sediments  to  streams  and  flood  plains.  Vege¬ 
tative  and  mechanical  measures  developed  for  conservation  practices  - 
-  contour  farming,  cover  cropping,  terracing,  critical  area  planting, 
and  the  like  —  are  also  effective  on  urban  lands  undergoing 
development. 

Reservoirs  for  impounding  uncontrolled  flood  waters  provide  a  high 
level  of  protection  to  downstream  communities,  while  satisfying  other 
needs,  such  as  water  supply  and  public  recreation. 

Walls  and  dikes  confine  flood  flows  to  the  channel  or  floodway  and 
provide  protection  to  local  high-risk  areas. 

Reservoir  management  programs  provide  for  the  addition  of  flood 
control  storage  in  existing  reservoirs,  with  controlled  release  after 
the  flood  danger  pabses. 
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Hurricane  barriers  use  walls,  dikes,  gates,  and  pumping  facilities  to 
prevent  high  tides  from  Intruding  and  raising  flood  heights  along  the 
lower  main  stem. 

Stream  improvements  can  Increase  the  flood  carrying  capacity  of 
floodways  by  eliminating  abrupt  turns,  widening  and  deepening 
channels,  lnq>  roving  areas  at  bridges  and  culverts,  alleviating  ero¬ 
sion  problems,  and  removing  shoals,  sandbars,  islands,  overhanging 
and  uprooted  trees,  and  accumulated  debris.  Diversion  of  flood  flows 
to  bypass  heavily  congested  flood-prone  areas  offer  great  protection 
while  minimizing  environmental  and  social  impacts. 

Flood  proofing  or  relocation  render  buildings  and  contents  less 
vulnerable  to  flood  damage.  They  include: 

1.  Permanent  measures  such  as  waterproofing,  installation  of 
drain  systems  and  pumps,  anchoring  and  reinforcing  walls  and  floors, 
use  of  water  resistent  materials,  raising  the  elevation  of  struc¬ 
tures,  terminating  entering  utilities,  protecting  immovable 
equipment,  bricking  windows,  relocating  entrances,  and  drawing  up 
plans  for  emergency  protection  measures. 

2.  Contingency  measures  such  as  manually  closed  sewer  valves 
and  removable  bulkheads  for  windows,  doors  and  vents. 

3.  Emergency  measures  such  as  sandbagging,  pumping  and  removal 
of  contents  to  high  elevations. 

4.  Permanent  evacuation  of  developed  areas  by  removing  struc¬ 
tures  and  relocating  people,  so  that  flood-prone  lands  could  be 
returned  to  natural  habitat  or  used  for  agriculture,  parks  and 
recreation.  Temporary  evacuation  is  also  effective  when  used  in 
conjunction  with  a  reliable  flood  warning  system. 

Those  measures  which  should  receive  more  detailed  consideration  for 
inclusion  in  the  plan  were  screened.  Advanced  level  quantitative  and 
economic  analysis  was  made  of  nonstructural  (flood  proofing,  relo¬ 
cation)  as  well  as  structural  (dikes,  diversions,  floodwalls,  channel 
modification)  measures.  Also,  consideration  was  given  to  future 
action  measures  such  as  reservoir  management,  the  construction  of  Big 
River  Reservoir,  and  land  treatment  measures.  A  reconnaissance 
report,  completed  in  December  1971,  discussed  preliminary  screening 
solutions  that  were  considered  to  date. 


Combinations  of  the  alternative  measures  were  evaluated  and  screened 
next.  Various  plans,  all  providing  comparable  levels  of  flood 
protection,  were  analyzed  in  addition  to  the  no  action  plan. 


Significant  beneficial  and  adverse  Impacts  of  each  plan  were 
evaluated  in  terns  of  national  economic  development,  environmental 
quality,  social  well-being,  and  regional  development*  The  best 
alternative  plan  was  selected. 

The  selected  plan  was  formulated  for  an  appropriate  scale  of 
development.  It  consists  of  a  downstream  local  protection  project, 
in  an  area  where  homes  are  to  be  relocated,  and  an  upstream  multi¬ 
purpose  reservoir  which  involves  flood  control.  Regulatory  measures 
are  also  part  of  the  plan. 

PLAN  FORMULATION  RATIONALE 


In  evaluating  possible  alternative  solutions  for  the  basin's  flood 
management  needs,  technical,  economic,  and  social  criteria,  including 
consideration  of  all  beneficial  and  detrimental  effects  on  the  area's 
environment,  were  used.  Although  it  was  not  possible  to  evaluate  all 
possible  alternatives  to  the  same  degree  of  technical  detail, 
supplemental  planning  criteria  for  all  possible  alternatives  involved 
acceptability,  conqtleteness ,  effectiveness,  equity,  irreversible 
effects,  and  ease  of  maintenance  and  operation.  Socio-economic  data 
used  in  evaluating  costs  and  benefits  were  derived  from  Corps 
investigations  and  other  published  data  of  State  and  Federal 
agencies.  Hydrologic  and  hydraulic  data  were  obtained  from  Corps 
studies.  Environmental  impact  information  was  obtained  from  Corps 
studies  and  water  quality  sailing  by  the  Federal  Environmental 
Protection  Agency. 

ECONOMIC  CRITERIA 


1.  Tangible  benefits  must  exceed  project  economic  costs. 

2.  Intangible  benefits,  such  as  protection  of  lives  and 
property,  may  cause  the  scope  of  development  to  be 
greater  than  would  otherwise  be  required  to  provide 
maximum  nec  tangible  benefits. 

3.  The  recommended  plan  must  not  physically  displace  or 
economically  preclude  from  development  any  more 
economical  means  for  accomplishing  the  same  purpose. 


TECHNICAL  CRITERIA 

Technical  criteria  adopted  from  engineering  manuals,  regulations  and 
other  sources  require  that  the  plan  be  feasible  to  implement, 
complete  with  no  additional  future  improvements,  and  insure  against 
significant  worsening  of  any  flood  conditions.  Alternative  measures 
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were  formulated  in  accordance  with  regulations  stipulating  that  the 
standard  project  flood  is  an  appropriate  level  of  protection  for  high 
dikes  and  floodwalls  in  urban  areas. 

ENVIRONMENTAL  AND  SOCIAL  CONSIDERATIONS 

Requirements  of  the  National  Environmental  Policy  Act  of  1969 
Include: 

1.  Analysis  of  the  environmental  impact  of  any  proposed 
action. 

2.  Identification  of  adverse  environmental  effects  which 
could  be  avoided  in  project  implementation. 

3.  Evaluation  of  alternatives  to  the  proposed  action. 

4.  Determination  of  the  relationship  between  local 
short-term  uses  of  man's  environment  and  the  main¬ 
tenance  and  enhancement  of  long-term  productivity. 

5.  Accounting  of  any  irreversible  and  Irretrievable 
commitments  of  natural  resources  and  biological 
systems  which  would  be  involved  in  the  project. 

Requirements  of  the  Principles  and  Standards  of  the  Hater  Resources 
Council  Include: 

1.  Management,  protection,  enhancement,  or  creation 
of  areas  of  natural  beauty  and  human  enjoyment. 

2.  Management,  preservation,  or  enhancement  of 
especially  valuable  or  outstanding  archeological, 
historical,  biological,  and  geological  resources 
and  ecological  systems. 

3.  Enhancement  of  quality  aspects  of  water,  land, 
and  air,  while  recognizing  and  planning  for  the 
need  to  harmonize  conservation  of  the  resources 
with  the  land  use  objectives  of  productivity 
for  economic  use  and  development. 

4.  Development  and  use  objectives  which  minimize  or 
preclude  the  possibility  of  undesirable  and 
Irreversible  changes  in  the  natural  environment. 

Considerations  mandated  by  Section  122  of  the  1970  River  and  Harbor 
Act  Include: 

1.  Effects  of  air  quality,  noise  levels,  and  water 
pollution. 

2.  Destruction  or  disruption  of  manmade  and  natural 
resources,  aesthetic  values,  community  cohesion, 
and  the  availability  of  public  facilities  and 
services. 
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3.  Adverse  employment  effects  and  tax  and  property 
value  losses. 

4.  Injurious  displacement  of  people  and  businesses. 

5.  Disruption  of  desirable  community  and  regional 
growth. 

6.  Public  acceptance  of  proposed  Improvements  and  their 
ability  and  willingness  to  meet  local  cooperation 
requirements. 

Other  social  well-being  factors  include: 

1.  Possible  loss  of  life  and  hacards  to  the  health 
and  safety  of  the  people  with  and  without  project 
conditions. 

2.  Preservation  of  pleasing  aesthetic  values  and 
other  desirable  environmental  effects,  such  as 
pleasing  landscapes. 

The  Environmental  Impact  Statement  included  as  a  chapter  of  this  main 

report,  provides  greater  in-depth  coverages  of  these  considerations. 

PLANS  OF  OTHERS 


Construction  of  the  Big  River  Reservoir  was  proposed  ir  195?.  for  i:he 
Rhode  Island  Water  Resources  Board  by  a  consultant.  1'n  195/  a  report 
was  made  to  the  Water  Resource's  Board  by  another  conr.ultant,  which 
reviewed  additional  data  and  made  further  re commends;; tons  regarding 
the  Big  River  Reservoir.  Metcalf  and  Eddy  also  prepared  a  report  in 
June  1967  updating  these  two  previous  reports  to  reflect  the  drought 
conditions  in  the  early  1960's.  This  project  was  therefore  in  a 
planning  stage  long  before  January  of  1978  when  the  Governor  of  Rhode 
Island  asked  that  the  Corps  of  Engineers  study  this  proposal.  The 
recommended  plan  assumes  that  the  Big  River  Reservoir  will  be  built 
and  maintained  by  Federal  interests.  Plans  prior  to  this  time 
regarded  the  reservoir  as  a  future  action  measure  to  be  implemented 
by  non-Federal  interests  as  a  means  of  supplementing  the  flood 
protection  provided  by  other  single  action  measures. 

ANALYSIS  OF  PLANS  CONSIDERED  IN  PRELIMINARY  PLANNING 

INITIAL  SCREENING 

All  regulatory  and  corrective  measures,  as  well  as  a  No  Action  plan, 
were  evaluated  with  engineering  judgment  and  brief  study  for 
application  in  each  of  the  16  zones  of  the  watershed.  Each  measure 
was  judged  on  its  ov/n  nerits  and  those  not  considered  adequate, 
realistic,  practical  engineering  solutions,  or  measures  socially  or 
environmentally  unacceptable  or  economically  unjustified,  were 
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eliminated.  Both  the  No  Action  program  and  all  regulatory  measures 
were  determined  to  be  applicable  to  all  16  damage  zones,  for 
preventing  or  minimizing  flood  losses  to  future  flood  plain  devel¬ 
opment,  and  both  programs  were  therefore  reserved  for  further 
evaluation. 

Land  treatment  measures  for  Zone  2  were  held  for  future  evaluation  in 
conjunction  with  potential  construction  of  the  Big  River  Reservoir, 
in  view  of  ongoing  gravel  operations  within  the  area  and  the  need  for 
soil  erosion  prevention  measures  during  reservoir  construction.  In 
other  zones,  significant  erosion  and  sedimentation  problems  were 
deemed  nonexistent,  not  subject  to  corre^ion  by  vegetative  or  slope 
protection  measures.  Where  substantial  ;.>cs  of  cover  has  been  caused 
by  the  introduction  of  an  intricate  interstate  highway  system, 
existing  unstable  embankments  will  stabilize  themselves,  thus 
resulting  in  less  critical  erosion.  Assistance  in  land  treatment 
measures  in  certain  zones  is  available,  under  existing  authority, 
through  the  Soil  Conservation  Service,  U.S.  Department  of  Agri¬ 
culture. 

Reservoirs  at  numerous  sites  within  the  study  area  were  investigated. 
Most  of  the  sites  investigated  were  found  to  be  too  small  to  provide 
economically  justified  protection  or  were  not  acceptable  because  of 
engineering,  social  and  environmental  constraints. 

Twelve  reservoir  sites  were  Investigated  further.  Seven  were  within 
the  Pocasset  River  watershed  and  one  on  a  tributary  of  the 
Meshantlcut  Brook.  Four  impoundments  were  on  the  North  end  South 
Branches,  two  involving  modification  of  the  existing  Flat  River  and 
Sdtuate  Reservoirs.  Of  the  twelve,  only  one  potential  project,  the 
Big  River  Reservoir,  could  provide  substantial  flood  reduction 
benefits.  Plate  III-l  shows  site  location  of  this  potential 
reservoir  project. 

Modification  of  Scltuate  Reservoir,  which  is  presently  used  mainly 
for  water  supply  purposes  (but  also  has  a  small  hydropower  unit),  was 
found  to  be  economically  unjustified.  Although  this  reservoir  has 
played  a  substantial  role  in  reducing  flood  stages  and  resultant 
damage  in  the  past,  it  is  managed  exclusively  to  optimize  its  water 
supply  capabilities.  Its  flood  control  capabilities  are,  therefore, 
contingent  upon  its  being  drawn  down  due  to  high  water  consumption 
and  low  flow  conditions.  The  need  to  meet  future  imposed  demands 
upon  the  water  supply  system  will  require  that  it  continue  to  be 
operated  solely  for  water  supply  purposes.  To  utilize  Scltuate 
Reservoir  for  flood  control  purposes  would  require  raising  the 
existing  structure  an  additional  ten  feet  or  providing  a  sub- 
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impoundment  within  the  reservoir.  The  costs  of  either  project  would 
far  exceed  the  benefits. to  be  derived  by  downstream  comounities  in 
flood  damage  reduction. 

Walla  and  dikes  are  an  effective  means  for  providing  flood  protection 
to  high  risk  flood-prone  areas  where  numerous  structures  susceptible 
to  high  flood  losses  are  located.  Seven  zones  in  the  basin  meet 
these  high  risk  conditions,  and  wall  and  dike  measures  were  retained 
for  further  evaluation  in  these  zones. 

Reservoir  management  programs  entail  '.'wering  the  levels  of  existing 
reservoirs  to  reduce  peak  flood  discharges.  With  the  exception  of 
Scltuate  and  Flat  River  Reservoirs,  further  investigation  of  the 
other,  smaller  reservoirs  in  the  basin  was  deemed  impractical  because 
of  the  small  storage  capacities  involved. 

Hurricane  barriers  to  eliminate  tidal  flooding  under  adverse  storm 
conditions  were  considered  at  both  the  entrance  to  Pawtuxet  Cove  and 
at  the  head  of  the  cove  where  the  river  discharges.  Excessive  costs 
and  adverse  social  and  environmental  impacts  eliminated  these 
projects  from  further  investigation. 

The  barrier  at  the  river  mouth  would  involve  total  reconstruction  of 
Pawtuxet  Dam,  huge  pumping  facilities,  extensive  river  widening, 
relocation  of  numerous  industrial,  commercial  and  residential 
structures,  and  modification  of  six  bridges  and  several  local  roads. 
These  costs  would  far  exceed  benefits. 

The  other  scheme,  at  the  entrance  to  Pawtuxet  Cove,  would  require 
even  more  construction  and  relocation  and  larger  pump  installations 
whose  costs  would  far  exceed  benefits. 

Stream  improvements  to  correct  long-neglected  channel  conditions 
which  have  resulted  in  alarming  deterioration  of  the  hydraulic 
efficiency  of  some  of  the  basin's  major  streams,  were  considered  for 
the  following  major  elements: 

Removal  of  dams,  particularly  those  numerous  small  dams  within  the 
basin  originally  intended  for  power  generation  and  are  now  neglected 
and  obsolete,  was  considered  as  a  means  of  lowering  flood  stages  in 
their  vicinity.  It  was  estimated,  for  example,  that  the  flood  stage 
under  Standard  Project  Flood  conditions  could  be  reduced  by  two  feet 
over  several  thousand  feet  of  impoundment  upstream  of  the  Pontiac  Dam 
were  that  dam  to  be  removed  in  accordance  with  local  wishes. 

However,  related  costs  of  the  project  would  exceed  accrued  benefits, 
and  subsequent  analysis  was  deemed  unwarranted. 

Removal  of  Pawtuxet  Dam  at  the  river  mouth  would  result  in 
insignificant  upstream  flood  stage  reductions  which  would  be  negated 


by  the  resulting  counteraction  of  incoming  high  flood  tides.  Removal 
of  other,  obsolete  dams,  while  beneficial,  would  create  erosion 
problems  downstream  that  would  exceed  the  benefits  gained. 

Diversion  of  floodflows  to  bypass  heavy  damage  zones  within  the  basin 
or  transfer  floodwaters  outside  of  the  basin  were  both  considered. 
Numerous  intrabasin  schemes  were  evaluated  but  none  appeared  viable 
and  further  evaluation  was  deemed  unwarranted. 

An  interbasin  transfer  of  floodflows  appeared  viable  for  Zones  3  or 
4,  as  diversion  could  be  made  upstream  of  main  stem  damage  centers 
and  provide  substantial  flood  relief  to  riood  prone  areas  in  three 
communities  with  minimal  social  and  environmental  disruption. 
Furthermore,  the  diversion  could  be  made  to  Apponaug  Cove,  a  tidal 
arm  of  Greenwich  Bay,  where  the  addition  of  riverine  floodwaters 
would  not  significantly  increase  tidewater  levels  at  high  tide 
conditions.  A  relatively  high  head  could  be  developed,  thereby 
reducing  conveyance  size  and  project  costs.  This  interbasin  transfer 
was  therefore  reserved  for  further  evaluation. 

An  alternate  diversion  at  Zone  3  was  rejected  due  to  longer  diversion 
length  and  the  necessity  of  a  new  control  dam  being  constructed, 
which  would  result  in  more  controversial  social  and  environmental 
involvement. 

Channel  modification  to  improve  streamflow  by  channel  widening, 
deepening  or  realignment  was  rejected  in  several  tributary  zones 
because  existing  minimal  damage  would  not  be  eliminated  by  channel 
modification.  Channel  modification  in  all  other  zones  was  found  to 
be  economically  or  hydraulically  inq>ractical  because  of  excessive 
depths  of  flooding  encountered  or  existing  nearly  flat  stream 
gradients.  Further  consideration  was  therefore  considered 
unwarranted,  with  the  single  exception  of  the  need  for  channel 
modification  should  a  potential  local  protection  project,  such  as  a 
wall  or  dike,  encroach  significantly  on  the  existing  cross-sectional 
area  of  a  stream. 

Flood  proofing  and  relocation  was  found  to  warrant  further  evaluation 
in  all  zones  except  1,  2,  3,  4A  and  7A,  where  the  flood  problems  were 
determined  to  be  minimal. 

Eighty-four  percent  of  the  corrective  measures  proposed  failed  to 
meet  the  minimum  acceptable  plan  requirements  in  the  screening 
process  and  were  therefore  eliminated.  Twenty-three  possible 
solutions  were  deemed  worthy  of  more  detailed  analysis.  As  previ¬ 
ously  noted,  all  regulatory  measures  and  the  No  Action  plan  were  also 
retained  for  further  analysis. 
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ADVANCED  SCREENING 


Those  measures  which  passed  the  initial  screening  were  further 
analyzed  to  see  if  they  could  provide  an  adequate  degree  of 
protection  in  major  damage  areas  while  meeting  the  established 
criteria. 

The  first  element  of  this  evaluation  process  consisted  of  a 
nonstructural  program  of  regulatory  and  corrective  flood  proofing 
measures,  that  were  analyzed  in  depth  in  accordance  with  the  desires 
of  local  interests.  Following  that  a  structural  program  was 
evaluated,  followed  by  consideration  of  future  action  measures. 

CORRECTIVE  NONSTRUCTURAL  PROGRAM 

Flood  proofing  entailed  a  major  component  of  this  program.  It 
involves  techniques  to  make  existing  buildings  and  their  contents 
less  vulnerable  to  flood  damages.  The  following  criteria  were 
applied  to  this  program: 

a.  For  initial  analysis,  unreinforced  concrete  walls  were 
considered  capable  of  withstanding  the  hydrostatic  pressures  of  a  3 
foot  head  differential  between  water  surfaces  on  either  side  of  the 
wall  without  collapsing. 

b.  Wood  frame  structures  cannot  be  floodprocfed  above  the  sill. 

c.  Structurally  sound  buildings  can  be  raised  only  three  feet 
because  of  esthetics. 

d.  Where  depths  of  water  for  the  design  condition  exceed  the 
heights  of  a  and  c  above,  relocation  would  be  necessary. 

e.  Ring  wall  enclosures  were  only  considered  for  the  purpose  of 
tying  a  building's  wall  into  high  ground. 

f.  At  the  design  flood  conditions,  all  structures  that  could 
potentially  be  inundated  were  raised  and/or  floodproofed  if 
necessary,  even  though  only  nuisance  basement  flooding  would  occur. 

g.  The  drag  line  effect  (the  difference  in  water  levels  due  to 
passage  of  flows  through  soil)  was  not  considered  in  this  phase  of 
analysis.  There  are  too  many  variables  such  as  soil  permeability, 
drainage  nets  or  patterns,  condition  of  the  concrete  slab  and  wall, 
the  tightness  of  any  joints  or  seams  etc.  ,  to  accurately  predict  the 
true  effects. 

h.  Uplift  pressures  were  not  considered. 


II 


To  determine  the  viability  of  flood  proofing  in  zones  3-8,  costs  were 
developed  for  all  structures  for  both  100-year  and  Standard  Project 
Floods.  Results  are  shown  by  community  and  use  category  in  Table 
II1-1  and  by  category  of  use  of  structure  in  Table  III-2.  For 
protection  against  a  Standard  Project  Flood,  about  616  existing 
structures  —  33  percent  of  those  located  In  the  SPF  area  —  would 
require  relocation.  Eighty-three  of  these  are  commercial  or 
industrial  establishments  employing  more  than  5,700  people.  For  a 
100-year  flood,  about  26  structures,  of  which  14  are  commercial  or 
industrial  employing  about  2,500  people,  would  need  to  be  relocated. 

The  cost  figures  indicate  that  flood  proofing  alone,  without  other 
flood  protection  measures  in  combination,  would  not  meet  the  benefit- 
cost  criterion  and  would  be  economically,  socially,  and 
environmentally  prohibitive. 
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TABLE  III-l 


FLOODPROOFING  -  NATURAL  CONDITIONS 
TOTAL  COST  AND  AFFECTED  OWNERSHIPS 
(By  Community  &  Category) 


COMMUNITY/ 

CATEGORY 

100- 

•YEAR  FLOOD 

STANDARD  PROJECT 
FLOOD 

~r~ 

$1,000 

JL 

$1,000 

WARWICK 

Commercial 

21 

15,000 

44 

104,600 

Industrial 

13 

17,090 

19 

40,300 

Residential 

146 

1,470 

570 

17,050 

Public 

2 

70 

2 

1,290 

Schools 

0 

0 

0 

0 

Others 

3 

60 

4 

2,120 

TOTAL  WARWICK 

185 

$33,690 

639 

$165,360 

CRANSTON 

Commercial 

11 

1,130 

27 

8,300 

Industrial 

6 

18,810 

16 

79,200 

Residential 

206 

1,200 

1,083 

23,930 

Public 

2 

40 

8 

1,710 

Schools 

1 

50 

2 

1,180 

Others 

2 

220 

5 

4,540 

TOTAL  CRANSTON 

228 

$21,450 

1,141 

$118,860 

WEST  WARWICK 

Commercial 

10 

890 

11 

2,230 

Industrial 

4 

370 

5 

1,100 

Residential 

41 

980 

53 

3,040 

Public 

1 

50 

1 

490 

Schools 

1 

40 

3 

2,160 

Others 

1 

10 

3 

850 

TOTAL  WEST  WARWICK 

58 

$2,340 

76 

$9,870 

TOTAL 

471 

$57,480 

1,856 

$294,090 
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TABLE  III-2 


NONSTRUCTURAL  COSTS  -  NATURAL  CONDITIONS 
TOTAL  COSTS  AND  AFFECTED  OWNERSHIPS 
(By  Category) 


1978 

CONDITIONS  AND 

PRICE  LEVELS 

ALL  VALUES  x 

$1000 

CATEGORY 

100- 

YEAR  FLOOD 

STANDARD 

PROJECT  FLOOD 

XT 

VALUE 

J>_ 

VALUE 

Commercial 

42 

17,020 

82 

115,130 

Industrial 

23 

36,280 

40 

120,670 

Residential 

393 

3,660 

1,706 

44,020 

Public 

5 

150 

11 

3,490 

Schools 

2 

80 

5 

3,350 

Others 

6 

290 

12 

7,510 

TOTAL 

471 

$57,480 

1,856 

$294,170 

Amortized  over  a 

50 

year  life 

6-5/8  -  .069078 

$3,971 

$20,321 

Annual  Benefits 

380 

760* 

Approx.  Benefits 

to 

Relocated  Structures 

90 

820 

B/C  Ratio 

.10 

.04 

*Excludes  benefits  to  relocated  structures,  (equal  to  approximately 
$88,000  and  $820,000  for  100  year  and  SPF  flood  respectively),  non¬ 
physical  losses,  exterior  losses,  roads  and  utilities. 
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In  other  zones,  preliminary  evaluation  indicated  that  costs  of 
floodproofing  alone  would  far  exceed  benefits. 

Therefore,  floodproofing  as  an  independently  used  measure  was 
rejected  as  not  satisfying  benefit-cost  criteria.  It  was,  however, 
retained  for  further  consideration  in  combination  with  other 
measures. 

STRUCTURAL  PROGRAM 

Two  types  of  structural  flood  manage&^nt  programs  were  considered  to 
protect  heavily  urbanized  areas  in  the  flood  plain  along  the  lower 
end  of  the  main  stem. 

Two  systems  of  dikes,  walls,  and  channel  modification  were  evaluated, 
one  to  protect  against  the  Standard  Project  Flood,  the  other  against 
the  lower  level  of  the  100-year  flood.  These  are  designated 
respectively  as  Alternate  A  and  A-l. 

Alternate  A  would  require  12  individual  local  protection  projects  in 
three  communities,  at  a  total  cost  of  $60  million  in  1978  dollars. 
Plate  III-2  shows  this  scheme.  Analysis  showed  that  the  plan  as  a 
total  unit  would  not  be  economically  justified,  although  local 
projects  at  Warwick  Avenue,  Elmwood  Avenue,  and  the  Bulova  Complex 
warranted  further  investigation. 

Alternate  A-l  entailed  the  same  projects  but  at  a  lower  level  of 
flood  protection.  Once  again,  the  total  plan  was  not  found  to  be 
economically  justified,  but  the  local  projects  at  Warwick  Avenue, 
Elmwood  Avenue  and  the  Bulova  Complex  were  justified  as  a  system. 
Alternate  A-l  would  cost  a  total  of  $29.4  million.  Plate  I II- 3 
presents  this  project. 

Both  Alternate  Plans  A  and  A-l  were  rejected,  but  economically 
justified  local  projects  were  retained  for  further  evaluation.  Plate 
III-4  depicts  the  Warwick  Avenue  Local  Protection  Works  and  III-5 
shows  the  Elmwood  Avenue  area. 

The  Bulova  local  protection  project  was  evaluated  in  greater  economic 
and  engineering  detail.  Based  upon  the  availability  of  more  refined 
engineering  data,  it  was  determined  that  two  significant 
modifications  of  the  preliminary  project  considered  in  the  advanced 
screening  would  be  required.  Relocation  of  a  portion  of  a  warehouse 
would  be  required  as  a  measure  to  provide  the  necessary  land  area  for 
dike  construction,  or  the  use  of  concrete  floodwalls  would  be 
required  for  a  portion  of  the  previously  considered  dike  protection 
plan.  The  second  modification  would  require  major  relocation  of  a 
brook.  Because  of  the  additional  costs  for  providing  these  essential 


modifications,  the  project  lost  Its  previous  marginal  justification 
and  was  withdrawn  from  further  consideration.  The  estimated  cost  for 
this  project  based  on  the  more  detailed  engineering  and  design 
criteria  is  1.92  million  dollars  in  1977  dollars,  while  the  benefits 
also  would  rise  due  to  inflation  (about  30  percent).  Further  Federal 
Involvement  for  the  Bulova  project  is  unwarranted. 

Two  alternate  diversions  of  floodwaters  were  also  evaluated. 

Pontiac  Diversion  project  considered  four  different  alignments  of  an 
underground  tunnel  and/or  open  chanr.  '  to  divert  flood  waters  from 
the  main  stem  above  Pontiac  Dam  to  the  head  of  Apponaug  Cove. 

Alignments  A  and  B,  each  about  10,000  feet  long,  would  require 
extensive  land  taking  and  require  relocation  of  at  least  10  homes. 
Both  were  eliminated  from  further  consideration  due  to  highly 
detrimental  environmental  effects,  adverse  social  impacts,  and 
substantial  opposition  by  local  interests. 

Alignment  C  would  pass  through  Gorton  Pond,  thus  requiring  a  net 
constructed  length  of  only  6,600  feet  of  open  channel.  An  adverse 
environmental  impact  would  be  created  by  diverting  the  Class  C  waters 
of  the  Pawtuxet  River  to  the  Class  B  waters  of  Gorton  Pond,  a  local 
recreational  water  body,  thus  eliminating  this  alignment  from  further 
consideration. 

Alignment  D,  an  8,000-foot  tunnel  through  bedrock  is  considered  the 
most  suitable.  However,  its  cost  —  including  extensive  channel 
modification  and  a  massive  pumping  station  —  would  be  more  than  $70 
million.  This  would  far  exceed  benefits,  so  this  alignment  was  also 
rejected. 

Natick  Diversion,  with  its  intake  10,000  feet  further  upstream  just 
below  the  Natick  Dam,  was  the  other  alternative  considered.  It  was 
found  to  provide  a  high  degree  of  protection  to  existing  and  future 
downstream  development  at  a  lower  cost  and  was  eonomically  justified. 
Therefore,  this  diversion  was  reserved  for  further  evaluation.  These 
plans  are  shown  on  Plates  III-6  and  1II-7. 

FUTURE  ACTION 

Three  future  action  programs  to  be  implemented  by  local  interests 
could  strengthen  the  flood  management  program  for  the  Pawtuxet  River 
basin:  reservoir  construction,  reservoir  management  and  land 
treatment  measures. 

1.  Construction  by  local  interests  of  the  proposed  and 
recommended  Big  River  Reservoir  as  a  potential  water  supply  for 
metropolitan  Providence  could  provide  significant  downstream  flood 
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protection  at  minimum  cost  and  environmental  lapact  by  increasing  the 
height  of  the  proposed  data  by  about  2.5  feet,  thus  giving  additional 
flood  control  storage  equivalent  to  about  six  inches  of  runoff  over  a 
drainage  area  of  about  30  square  miles. 

2.  Management  of  Scituate  and  Big  River  Reservoirs  in 
conjunction  with  each  other  presents  an  opportunity  to  optimise  the 
operations  of  both  reservoirs  so  that  each  reservoir  could  provide 
floodwater  storage  capabilities  without  jeopardising  the  principal 
purpose  of  each  reservoir,  namely  water  supply. 

3.  Erosion  control  measures,  if  needed,  should  be  instituted  by 
local  interests  during  construction  of  the  Big  River  Reservoir,  in 
coordination  with  programs  of  the  Soil  Conservation  Service. 

CONCLUSIONS 

While  nonstructural  floodproofing  was  found  to  be  economically 
infeasible  as  a  single  action  program,  it  was  retained  for  further 
consideration  as  a  supplement  to  the  Natick  Diversion  and  the  Elwood 
Avenue  and  Warwick  Avenue  local  protection  projects,  which  were  found 
to  warrant  further  consideration.  Reservoir  construction,  reservoir 
management  and  erosion  control  during  reservoir  construction  were 
retained  as  future  action  programs.  The  No  Action  and  regulatory 
measures  programs  were  also  retained  for  further  evaluation  as 
supplements  to  specific  corrective  measures. 
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ASSESSMENT  &  EVALUATION  OF  DETAILED  Pl.aNS 


PLAN  A 


PLAN  DESCRIPTION 

This  alternative  would  consist  of  the  Natick  Diversion  with  a  30-foot 
finished  diameter  concrete  shell.  It  is  the  same  alternative  studied 
during  the  Formulation  of  Preliminary  Plans  stage.  At  this  finished 
diameter  it  is  capable  of  discharging  Pawtuxet  River  floodflows  at  a 
maximum  of  12,000  to  14,400  CFS  depending  upon  tidal  conditions  into 
the  Apponaug  Cove  -  Greenwich  Bay  area.  The  12,000  cfs  would  be  at  a 
maximum  design  tide  occurrence  whereas  the  14,400  cfs  flow  would  be 
when  conditions  are  of  an  extreme  low  tide.  The  intake  and  discharge 
shafts  would  be  located  at  the  locations  described  previously. 

IMPACT  ASSESSMENT 

This  plan  would  provide  a  very  high  degree  of  flood  protection  to  the 
malnstem  of  the  Pawtuxet  River,  a  77  percent  reduction  in  total  annual 
losses  including  allowable  projected  growth.  The  areas  remaining 
subject  to  significant  flooding  with  this  alternative  flooding  are  the 
Warwick  Industrial  Park,  the  Ciba  Geigy  Atlantic  Tubing  Complex  in 
Cranston,  and  the  Belmont-Norwood  residential  area  in  Warwick.  These 
areas,  however,  would  realize  substantial  reductions  in  floodwater 
depths.  A  summary  matrix  on  page  47  illustrates  the  overall  effect  of 
this  plan  on  all  the  significant  problem  areas  identified  in  the 
Problem  Identification  Chapter. 

There  are  potentially  harmful  effects  of  the  diversion  which  may  be 
felt  in  the  Greenwich  Bay  area.  In  most  cases  the  affected  medium 
would  be  early  life  stages  of  shellfish  and  other  marine  biota  due  to 
the  reduced  salinity  caused  by  the  fresh  water  intrusion.  In  addition, 
the  Introduction  of  excess  coliform  bacteria  within  the  bay  would  close 
the  shellfishing  flats  for  a  period  of  up  to  seven  days  under  the 
maximum  storm  discharge. 

The  remaining  adverse  impacts  on  environmental  quality  would  occur 
during  construction.  Air  quality  standards  may  also  be  compromised  due 
to  excavation  activity.  Increased  traffic  could  pose  more  significant 
problems  regarding  safety  and  air  quality  standards. 

Blasting  would  be  required  at  the  site.  However,  careful  regulation  of 
the  charges  will  be  mandated  so  as  to  negate  any  possible  damaging 
effect  to  nearby  homes.  Also,  there  would  be  a  large  amount  of  rock 
spoil  as  a  result  of  the  excavation  activity.  Social  well-being  would 
be  improved  due  to  the  increased  sense  of  security  gained  as  a  result 
of  the  lifetime  protection  afford  by  this  plan. 
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Construction  of  this  project  would  produce  new  jobs  and  increase 
spending  in  the  area.  Since  commercial  and  industrial  firms  would  be 
afforded  a  high  degree  protection,  expansion  of  these  establishments 
would  also  be  possible. 

EVALUATION  AND  TRADE-OFF  ANALYSIS 

This  plan  is  effective  in  providing  a  high  level  of  protection  to  the 
area  of  concern  by  reducing  future  flood  stages  and  thereby  reducing 
future  losses.  This  plan  satisfies  the  planning  objectives  but  there 
would  still  be  some  temporary  adverse  impacts  to  marine  life  in  Apponaug 
Cove  and  Greenwich  Bay  and  some  temporary  effects  to  air  and  water 
quality  in  the  area. 

This  is  not  to  say  that  the  overall  water  quality  of  the  river  will  not 
improve.  Measures  have  or  will  be  taken  to  control  other  sources  of 
pollution  which  are  not  related  to  the  diversionary  tunnel.  Included 
would  be  point  as  well  as  nonpoint  sources  of  pollution. 

There  is  considerable  uncertainty  associated  with  the  affects  on  marine 
biota  as  a  result  of  the  mixing  of  salt  and  fresh  water.  This  is  due  to 
the  fact  that  this  portion  of  the  analysis  was  done  using  a  mathematical 
model  to  simulate  the  affects  under  the  worst  possible  conditions. 

These  conditions  being  a  complete  mixing  of  the  fresh  water  from  the 
river  with  the  saline  water  in  Apponaug  Cove  when  no  turbulence  at  the 
outlet  site  existed  (which  would  normally  aid  in  dispersing  the 
discharge)  and  also  that  water  quality  of  the  Pawtuxet  River  would  not 
improve  by  the  time  the  diversion  would  be  operative. 

Appraise  System  of  Accounts 

NED  Objective  -  The  project  first  cost  of  Plan  A  is  $57,800,000,  the 
project  benefits  are  $4,042,000  and  the  annual  charges  are  $4,650,000. 
There  would  also  be  an  undetermined  amount  of  capital  lost  due  to  a 
reduction  in  shellfishing  days  in  Greewich  Bay. 

EQ  Objective  -  During  construction  air  and  noise  pollution  will  in¬ 
crease  and  disposal  of  rock  spoil  may  also  have  some  adverse  environ¬ 
mental  effects.  Although  the  resultant  structures  will  be  aestheti¬ 
cally  pleasing  they  will  depart  from  the  natural  state  of  the  river. 
During  and  immediately  after  a  storm  discharge  there  will  be  an  increase 
in  the  coliform  counts  in  Apponaug  Cove  and  Greenwich  Bay,  as  well  as  a 
reduction  in  the  salinity  concentrations  which  may  cause  mortality  to 
some  species. 

SUB  Objective  -  There  will  be  an  increased  sense  of  security  among  area 
residents  as  a  result  of  the  decreased  flood  threat.  However,  there 
could  be  a  decline  in  public  confidence  due  to  the  presence  of  the 
tunnel  beneath  homes.  The  homes  overlying  the  tunnel  will  have  a 
permanent  easement  placed  upon  their  deed.  This  may  result  in  a  less 
salable  property.  An  undetermined  number  of  days  of  shellfishing  will 
be  lost  after  a  storm  discharge  and  during  construction  there  will  be 
lnceased  traffic  at  the  contruction  site. 
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RD  Oblective  -  Employment  opportunities  for  skilled  and  unskilled 
workers  will  Increase  during  construction.  After  completion  of  the 
tunnel  there  will  be  an  increase  in  the  availability  of  new  land  for 
development. 

Specific  Evaluation  Criteria 

Acceptability  -  The  general  acceptability  for  this  project  Is  very  low 
due  to  the  possible  environmental  effects  and  the  ever-present  stigma 
of  the  tunnel  beneath  a  residential  area. 

Completeness  -  All  necessary  actions  lor  successful  completion  of  this 
alternative  have  been  included. 

Effectiveness  and  Efficiency  -  The  plan  satisfies  the  planning  objec¬ 
tives,  however,  pollution  standards  may  be  compromised. 

Certainty  -  Low 

Geographic  Scope  -  Water  is  transferred  out  of  the  Pawtuxet  Basin  to 
the  Narragansett  Bay  local  drainage  area. 

NED  Benef lt-To-Coat  Ratio  -  0.87 


Reversibility  -  No 
Stability  -  Low 
MITIGATION  REQUIREMENTS 

As  mentioned  previously,  an  undetermined  amount  of  shellfishing  days 
could  be  lost  due  to  impacts  on  Greenwich  Bay.  On  the  average.  It 
would  amount  to  seven  days  per  year.  Therefore,  shellf ishermen  would 
have  to  be  reimbursed  to  cover  capital  lost  from  not  being  able  to 
fish. 

Additional  traffic  control  would  be  required  in  the  construction  area 
in  addition  to  restriction  on  pollution  emissions.  Blasting  would  be 
controlled  to  minimize  any  adverse  social  affects. 


IMPLEMENTATION  RESPONSIBILITIES 
Cost  Allocation 


All  costs  of  this  project  are  allocated  to  flood  control.  The  cost  is 
shown  below. 


Project  Cost 
Annual  Charges 


$  57,798,000 
$  4,650,000 


Cost  Apportionment 

Table  IV-2  summarizes  distribution  of  costs  between  Federal  and  non- 
Federal  Interests. 

Federal  Responsibilities 

As  the  flood  control  benefits  to  be  derived  by  the  Natick  Diversion 
would  accrue  to  three  municipalities,  namely,  the  town  of  West  Warirlc 
and  the  cities  of  Cranston  and  Warwick,  the  project  would  be  regional 
in  character.  In  this  regard,  all  costs  associated  with  construction, 
operation  and  maintenance  of  the  Diversity  project  under  existing 
legislated  authority  would  be  Federally  funded.  It  would  also  be 
operated  and  maintained  by  the  Federal  Government. 


Non-Federal  Responsibilities 

As  previously  covered,  the  Natick  Diversion  would  be  a  total  Federal 
responsibility  under  the  existing  legislated  mandates.  However, 
several  prerequisites  would  be  required  of  the  local  interests  to 
prevent  further  encroachment  on  the  flood  plain  that  could  reduce  the 
effectiveness  of  the  diversion  project.  These  include: 

a.  Enforcement  in  all  downstream  reaches  of  the  100-year  flood 
plain  and  the  other  basic  requirements  of  the  National  Flood 
Insurance  Program. 

b.  Publicizing  flood  plain  information  in  the  area  concerned  and 
providing  this  information  to  zoning,  banking  and  other  groups  for 
their  guidance  and  leadership  in  preventing  unwise  future  development 
in  the  flood  plains,  and  in  adapting  such  regulations  as  may  be 
necessary  to  insure  compatibility  between  future  development  and 
protection  levels  provided  by  the  project. 

c.  At  least  annually,  informing  affected  interests  regarding  the 
limitation  of  the  protection  afforded  by  the  project. 

Local  interests  would  be  responsible  for  implementing  the  necessary 
flood  plain  regulations  required  by  the  National  Flood  Insurance 
Program,  so  that  all  interested  parties  would  be  eligible  to  purchase 
insurance  under  the  program.  Local  communities  would  also  be  en¬ 
couraged  to  implement  additional  land  use  controls,  such  as  evalua¬ 
tion  and  institution  of  subdivision  regulations,  building  codes,  land 
easements  and  related  measures.  In  this  regard,  these  controls  would 
Insure  against  further  encroachment  of  the  flood  plains  as  well  as 
guide  their  development  and  redevelopment  so  as  to  lessen  future 
flood  losses. 


PUBLIC  VIEWS 
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Heavy  opposition  was  directed  toward  this  project  by  both  private 
citizens  as  well  as  municipal  and  other  Federal  agencies*  Their 
objec Lions  are  capsuled  below. 

Views  of  Federal  Agencies 

Comments  from  Federal  agencies  regarding  the  diversion  tunnel  were 
directed  mainly  at  environmental  concerns  and  an  alledgedly  weak 
environmental  impact  statement.  Specifically,  impacts  en  Apponaug 
Cove  and  Greenwich  Bay  causing  mortality  in  early  life  stages  of 
shellfish  and  other  marine  biota  were  cited  by  the  Environmental 
Protection  Agency,  the  Department  of  Health  Education  and  Welfare, 
the  U.S.  Department  of  Commerce,  and  the  Fish  and  Wildlife  Service. 
These  effects,  such  as  the  mixing  of  fresh  and  saline  water  in 
addition  to  increased  coliform  counts  due  to  the  fresh  water 
diversion,  could  cause  a  halt  to  the  shellfishing  activities  for 
several  days  according  to  these  agencies. 

Views  of  Non-Federal  Agencies  and  Others 

In  addition  to  the  Environmental  questions  raised,  area  residents 
questioned  the  stability  of  the  tunnel  during  seismic  activity.  Some 
citizens  objected  to  living  above  the  diversion  while  it  afforded 
them  no  protection  at  all.  There  was  an  overall  scepticism  about  the 
Natick  Diversion  in  regards  to  its  effectivness  and  necessity.  Out 
of  basin  individuals  and  city  and  State  agencies  preferred  a  system 
of  walls  and  dikes  in  conjunction  with  a  sound  land  use  program  in 
lieu  of  the  diversionary  tunnel.  A  summary  of  the  four  public 
meetings  held  in  1969,  1975,  1976  and  1977  will  be  found  in  Appendix 
3.  Also,  included  is  correspondence  relating  to  each  meeting  in 
addition  to  comments  on  the  draft  environmental  impact  statement 
released  in  1976. 


Plan  B 


PLAN  DESCRIPTION 

The  structural  elements  of  chls  alternative  would  consist  of  the  Natick 
Diversion  with  a  30-foot  diameter  tu  mel  and  the  Warwick  Avenue  and 
Elmwood  Avenue  local  protection  projects.  From  the  various  local 
protection  measures  evaluated  as  single  action  measures,  plans  evolved 
that  would  provide  local  protection  measures  for  extreme  northeastern 
Warwick  extending  from  the  lower  limits  of  Zone  6  and  including  all 
damaged  portions  of  Zones  7  and  8.  A  st.  Jes  of  dikes,  floodwalls  and 
other  structures  would  provide  full  protection,  to  the  SPF  event  as 
modified  by  Natick  Diversion,  to  the  residential-commercial  area  in  the 
vicinity  of  Elmwood  Avenue  (U.S.  1)  and  to  the  Warwick  Industrial  Park 
and  the  adjacent  residential-commercial  area  in  the  vicinity  of  Warwick 
Avenue. 

IMPACT  ASSESSEMENT 

Provision  of  the  30-foot  diameter  Natick  Diversion  and  the  Elmwood 
Avenue-Warwick  Avenue  protective  measures  would  reduce  average  annual 
existing  losses  in  the  lower  basin  to  approximately  $235,000.  With  Che 
30-foot  diameter  diversion  tunnel  and  the  Warwick  protective  measures, 
most  of  the  residual  losses  would  occur  within  the  Cranston  portions  of 
Zones  4B,  6,  7,  and  8.  The  remaining  losses  in  Warwick  Zones  4,  5,  and 
6  and  the  West  Warwick  portion  of  Zone  4  would  be  minimal  following  re¬ 
ductions  by  the  Natick  Diversion.  Summary  matrix  located  on  page  47 
depicts  the  effectiveness  of  this  plan. 

The  area  that  would  receive  protection  from  the  Elmwood  Avenue  local 
protection  project  inclosure  consists  mainly  of  one  family  residential 
structures  with  about  10  small  to  moderately  sized  commercial  firms  that 
would  begin  to  be  inundated  in  the  range  of  2  to  4  percent  frequency 
storm  event.  Because  of  increasing  urbanization  in  upstream  areas,  the 
frequency  of  flooding  has  increased  to  a  point  where  several  times  a  year 
some  overbank-road  flooding  and  measurable  cellar  flooding  occurs.  Most 
of  the  homes  in  the  area  have  installed  sump  pumps  and  some  have  elimi¬ 
nated  the  usage  of  the  cellar  for  any  significant  purpose.  In  many 
instances  the  pumps  are  not  of  sufficient  size  to  handle  the  inflow  of 
water.  Recently,  about  every  five  years  significant  basement-road 
flooding  occurs,  and  at  about  a  10  to  15  year  recurrence  interval  first 
floor  flooding  occurs  in  about  7  homes. 

Because  of  the  projected  increase  in  river  stages  due  to  uncontrolled 
increasing  nonflood  plain  urbanization  upstream,  more  frequent  flooding 
can  be  expected  with  a  subsequent  increase  in  damages  to  both  a  specific 
flood  event  and  to  annual  losses. 
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Impacts  attributed  to  the  tunnel  given  in  alternative  "A"  will  apply  to 
alternative  "B”  as  well.  Additional  increases  in  jobs  and  the  work 
force  will  be  realized  by  construction  of  the  two  local  protection  proj¬ 
ects.  Also,  more  land  will  be  available  for  developing  resulting  from 
the  protection  afforded  by  the  wall  and  dike  systems. 

Elmwood  local  protection  project  would  involve  relocating  7  homes.  This 
is  necessary  because  of  the  land  requirements  of  the  dike.  The  resultant 
dike  structure  can  be  made  aesthetically  pleasing  although  it  would 
depart  from  the  natural  topography  of  the  surrounding  lands. 

EVALUATION  AND  TRADE-OFF  ANALYSIS 

As  this  alternative  Involves  the  Natick  Diversion  its  response  to  the 
evaluation  criteria  is  the  same  as  that  stated  for  alternative  A.  The 
plan  is  effective  in  providing  a  high  level  of  protection  to  those  areas 
given  in  alternative  A  in  addition  to  the  residential  -  commercial 
sections  protected  by  the  dikes  mentioned  previously.  Implementation  of 
alternative  B  would  reduce  the  number  of  ownerships  affected  by  the 
100-year  flood  level  from  471  to  148. 

A  component  of  this  alternative  would  be  the  future  action  elements 
consisting  of  flood  control  storage  at  Big  River  Reservoir  and  the 
regulation/management  of  Bcltuate  Reservoir,  although  not  an  integral 
portion  of  this  plan. 

Appraise  System  Of  Accounts 

NED  Objective  -  The  project  first  cost  of  Plan  B  is  $69,3 80,000.  the 
project  benefits  are  $5,000,000  and  the  annual  charges  are  $5,552,000. 

An  undetermined  amount  of  capital  would  be  lost  due  to  a  reduction  in 
shellfishing  days  in  Greenwich  Bay  and  approximately  seven  homes  would 
be  purchased  at  the  Elmwood  site. 

EQ  Objective  -  Same  as  Plan  A.  During  construction  air  and  noise 
pollution  will  increase  and  disposal  of  rock  spoil  may  also  have  some 
adverse  effects.  Although  the  resultant  structures  will  be  aestheti¬ 
cally  pleasing,  they  will  depart  from  the  natural  state  of  the  river. 
During  and  immediately  after  a  storm  discharge  there  will  be  an  Increase 
in  the  coliform  counts  anti  a  reduction  in  salinity  in  Greenwich  Bay. 


SWB  Objectives  -  Same  as  Plan  A  plus  the  relocation  of  seven  homes. 

There  will  be  an  increased  sense  of  security  among  area  residents  as  a 
result  of  the  decreased  flood  threat.  However,  there  could  be  a  decline 
in  public  confidence  due  to  the  presence  of  the  tunnel  beneath  homes  and 
the  additional  problem  of  an  easement  on  the  titles  of  affected 
properties.  An  undetermined  number  of  days  of  shellfishing  will  be  lost 
after  a  storm  discharge  and  during  construction  there  will  be  increased 
traffic  at  the  construction  site. 


RD  Objective  -  Same  as  Plan  A.  Employment  opportunities  for  skilled  and 
unskilled  workers  will  increase  during  construction.  After  completion  of 
the  tunnel  there  will  be  an  increase  in  the  availability  of  new  land  for 
development. 

Specific  Evaluation  Criteria 

Acceptability  -  Same  as  Plan  A.  The  acceptability  fo  this  project  is 
very  low  due  to  the  possible  environmental  effects  and  the  ever-present 
stigma  of  the  tunnel  beneath  a  residential  area.  These  are  covered  in 
more  detail  in  the  public  views  section  and  the  public  involvement 
appendix. 

Completeness  -  All  necessary  actions  for  successful  completion  of  this 
alternative  has  been  included. 

Effectiveness  and  Efficiency  -  Same  as  Plan  A  except  this  plan  is  the 
most  costly. 

Certainty  -  Low 

Geographic  Scope  -  Water  is  transferred  at  the  Pawtuxet  Basin  to  the 
Narrangansett  Bay  local  drainage  area. 

WED  Benef it-to-Cost  Ratio  -  0.90 


Reversibility  -  No 
Stability  -  Low 
MITIGATION  REQUIREMENTS 

Those  pertaining  to  the  Natick  Diversion  are  the  same  as  Plan  A.  Some 
storage  will  be  lost  due  to  construction  of  the  local  protection 
projects  but  increases  in  downstream  flood  stages  will  be  minimal.  In 
either  case,  any  additional  increase  in  flood  stage  will  be  mitigated  by 
the  additional  flood  control  storage  provided  at  the  proposed  Big  River 
Reservoir. 

IMPLEMENTATION  RESPONSIBILITIES 
Cost  Allocation 


All  costs  of  this  project  are  allocated  to  flood  control. 


Project  Cost  $69,381,000 

Annual  Charges  $  5,552,000 


Cost  Apportionment 

Table  IV-2  summarizes  the  distribution  of  costs  between  Federal  and  non- 
Federal  interests. 
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Federal  Responsibillr  i.os 

As  the  flood  control  benefits  to  be  derived  by  the  Natick  Diversion 
would  accrue  to  three  municipal ities,  namely,  the  town  of  West  Warwick 
and  the  cities  of  Cranston  and  Warwick,  the  project  would  be  regional  in 
character  and  wholly  Federal  under  existing  legislated  authorities*  In 
this  regard,  all  costs  associated  with  construction,  operation  and 
maintenance  of  the  diversion  project  would  be  Federally  funded.  The 
diversion  project  would  be  operated  and  maintained  by  the  Federal 
Government. 

The  benefits  accruing  to  the  Warwick  Local  Protection  would  be  local  in 
nature  and  would  entail  the  usual  conditions  of  local  cooperation  as 
stated  in  the  following  paragraphs  of  non-Federal  responsibilities.  The 
local  protection  project  would  be  constructed  by  the  Federal  Government 
and  upon  its  completion  would  be  turned  over  to  the  city  of  Warwick  for 
operation  and  maintenance.  Federal  cost  involvement  beyond  this  stage 
would  be  limited  to  Federal  personnel  costs  associated  with  periodic 
inspection  of  the  project. 

While  participation  in  the  National  Flood  Insurance  Program  would  be  a 
local  responsbility,  there  would  be  attendant  responsibilities,  those  of 
providing  guidance  and  technical  assistance  to  the  local  communities. 
Part  of  this  guidance  would  include  encouragement  that  all  basin  com¬ 
munities  consider  additional  land  use  controls  as  needed  to  minimize 
future  adverse  runoff  effects  as  the  basin  becomes  more  urbanized. 

Non-Federal  Responsibilities 

As  previously  covered,  the  Natick  Diversion  would  be  a  total  Federal 
responsibility.  However,  several  prerequisites  would  be  required  of  the 
local  interests  to  prevent  further  encroachment  on  the  flood  plain  that 
could  reduce  the  effectiveness  of  the  diversion  project: 

a.  Enforcement  in  all  downstream  reaches  of  the  100-year  flood 
plain  and  the  other  basic  requirements  of  the  National  Flood  Insurance 
Program. 

b.  Publicizing  flood  plain  information  in  the  area  concerned  and 
providing  this  information  to  zoning,  banking  and  other  groups  for  their 
guidance  and  leadership  in  preventing  unwise  future  development  in  the 
flood  plains,  and  in  adapting  such  regulations  as  may  be  necessary  to 
insure  compatibility  between  future  development  and  protection  levels 
provided  by  the  project. 

c.  At  least  annually,  informing  affected  interests  regarding  the 
limitation  of  the  protection  afforded  by  the  project. 
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As  the  benefits  accruing  ro  the  Warwick  Avenue  Local  Protection  and  the 
Elmwood  Avenue  Local  Protection  Projects  would  occur  principally  within 
Warwick,  the  project  would  entail  the  conditions  of  local  cooperation  in 
accordance  with  Section  3  of  the  FL.od  Control  Act  of  1936,  as  amended, 
and  in  conformance  with  the  policy  expressed  in  EM  1120-2-101.  Local 
interests  would  be  required  to  give  assurances  satisfactory  to  the 
Secretary  of  the  Army  that  they  would: 

a.  Provide  without  cost  to  the  United  States,  all  lands,  ease¬ 
ments,  and  rights-of-way  necessary  for  ‘-.instruction  of  the  project; 

b.  Hold  and  keep  the  United  States  free  from  damages  due  to  the 
construction  works; 

c.  Maintain  and  operate  all  the  works  after  completion  in  accord¬ 
ance  with  regulations  prescribed  by  the  Secretary  of  the  Army; 

d.  Provide,  without  cost  to  the  United  States,  all  alterations  and 
replacements  of  existing  utilities  including  bridges,  highways,  sewei s 
and  railroad  modifications  and  relocations  other  than  railroad  bridges 
and  their  approaches  which  may  be  required  for  the  construction  of  the 
project; 


e.  Prescribe  and  enforce  regulations  to  prevent  encroachment  on 
both  the  improved  and  unimproved  channel: 

f.  Prohibit  encroachment  on  project  ponding  areas  and,  if  the 
capacity  of  these  areas  is  impaired,  promptly  provide  substitute  ponding 
capacity  or  equivalent  pumping  capacity  without  cost  to  the  United 
States;  and 

g.  Comply  with  the  requirement  specified  in  Section  210  and  305  of 
Public  Law  91-646,  91st  Congress,  approved  2  January  1971,  entitled, 
'Uniform  Relocation  Assistance  and  Real  Property  Policies  Act  of  19/0.” 

Local  interests  would  be  responsible  for  implementing  the  necessary 
flood  plain  regulations  required  by  the  National  Flood  Insurance 
Program,  so  that  all  interested  parties  would  be  eligible  to  purchase 
insurance  under  the  program.  Local  communities  would  also  be  encouraged 
to  implement  additional  land  use  controls,  such  as  evaluation  and  insti¬ 
tution  of  subdivision  regulations,  building  codes,  land  easements  and 
related  measures.  In  this  regard,  this  would  insure  against  further 
encroachment  of  the  floe  :  plains  as  well  as  guide  their  development  and 
redevelopment  so  as  to  1  -^ssen  future  flood  losses. 


10 


PUBLIC  VIEWS 


Views  of  Federal  Agencies 

Those  comments  associated  with  the  Natick  Diversion  with  respect  to  the 
environment  are  the  same  as  those  for  alternative  "A"  which  proposed  the 
tunnel  as  a  single  action  measure. 

Views  of  Non-Federal  Agencies  and  Others 

Local  interests  once  again  opposed  this  plan  because  of  the  Inclusion  of 
the  Natick  Diversion.  In  addition,  all  subsequent  alternatives  that 
included  the  diversion  were  objected  to  mostly  on  an  environmental 
Impact  basis. 

While  the  two  local  protection  projects  were  supported,  cost  became  the 
main  concern  of  the  city  of  Warwick.  Since  the  Natick  Diversion  was 
regional  in  scope,  it  would  be  funded  totally  by  the  Federal  Government. 
This  is  not  the  case  for  a  local  protection  measure.  The  city  would 
have  to  finance  any  land  acquisition  and  the  operation  and  maintenance 
of  the  project.  This  philosophy  was  objected  to  by  Warwick  city 
officials.  They  feel  that  the  problems  in  these  areas  should  be 
considered  regional  in  nature  since  development  in  upstream  areas  has 
contributed  to  increases  flood  stages  at  downstream  locations. 
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PLAN  C 


PLAN  DESCRIPTION 

This  alternative  would  consist  of  Natick  Diversion  with  a  21-foot 
diameter  tunnel  and  the  Warwick  A vonue -Elmwood  Avenue  local  pro¬ 
tection  projects.  The  series  of  dikes,  floodwalls  and  other 
structures  are  basic: llv  the  same  as  the  previous  alternative. 
However,  the  walls  and  dikes  are  several  feet  higher  than  those 
considered  in  Alternative  B  as  the  diversion  cannot  divert  as  much 
floodwater  into  Apponaug  Cove.  Both  :  al  protection  projects  were 
justified  as  single  action  measures  in  i*ie  intermediate  level  of 
detail  and  combined  with  the  single  purpose  Natick  Diversion  with  a 
21-foot  diameter  discharge  tunnel. 

Provision  of  this  alternative  would  reduce  average  annual  losses  In 
the  lower  basin  to  approximately  $520,000. 

A  conponent  of  this  alte  native  would  be  the  future  action  elements 
consisting  of  flood  control  storage  at  Big  River  Reservoir  and  the 
regulation/management  of  Scituate  Reservoir,  although  not  Integral 
portions  of  this  alternative. 

IMPACT  ASSESSMENT 

Same  as  Plan  B. 

EVALUATION  AND  TRADE-OFF  ANALYSIS 

The  plan  provides  an  SPF  level  of  protection  to  the  Warwick  Indus¬ 
trial  Park  and  also  the  lower  limits  of  Zone  6  and  Zones  7  and  8  in 
Warwick.  The  21-foot  diameter  tunnel  reduces  flood  stages  as 
effectively  as  the  30-foot  diameter  tunnel  up  to  the  100  year 
flood.  At  a  500  year  event  or  0.2  per  cent  chance  ot  occurrance 
flood,  reductions  in  stage  are  significantly  higher  using  a  30-foot 
diameter  diversion  tunnel  for  zones  4,  5  and  6. 

This  plan  Is  extremely  effective  in  providing  a  high  level,  of 
protection  to  the  areas  of  concern.  While  the  planning  objectives 
would  be  satisfied,  there  would  be  some  temporary  adverse  impacts  to 
marine  life  and  air  and  water  quality. 

Appraise  System  of  Accounts 

NED  Objective  -  The  project  first  cost  of  Plan  C  is  $52,890,000, 
the  project  benefits  are  $4,363,000  and  the  annual  charges  are 
$4,260,000.  As  with  Plans  A  and  B,  there  will  be  an  undetermined 
amount  of  lost  capital  due  to  a  reduction  in  shellfishing.  Also,  as 
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In  Plan  B  the  purchase  oc  approximately  seven  homes  will  be 
necessary  at  the  Elmwood  site. 


EQ  Objective  -  Same  as  Plan  A. 

SWB  Objective  -  Same  as  Plan  A  ^lus  the  relocation  of  seven  homes. 

RD  Objective  -  Same  as  Plan  A. 

Specific  Evaluation  Criteria 

Acceptability  -  As  this  plan  involves  the  Natick  Diversion,  its 
acceptability  is  low. 

Completeness  -  All  necessary  actions  for  successful  completion  of 
this  alternative  have  been  included. 

Effectiveness  &  Efficiency  -  Same  as  Plan  A. 

Certainty  -  Low. 

Geographic  Scope  -  Water  is  transferred  out  of  the  Pawtuxet  Basin  to 
local  drainage  area. 

NED  Benefit-to-Cost  Ratio  -  1.03 


Reversibility  -  No. 

Stability  -  Low. 

MITIGATION  REQUIREMENTS 
Same  as  Plan  B. 

IMPLEMENTATION  RESPONSIBILITIES 
Cost  Allocation 


All  cos ts  of  this  project  are  allocated  to  flood  control.  They  are 
shown  below. 

Project  Cost  $52,885,000 

Annual  Charges  $  4,260,000 

Cost  Apportionment 


Table  IV-2  summarizes  the  distribution  of  costs  between  Federal  and 
non-Federal  interests. 
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Federal  Responsibilities 
Sane  as  Plan  B. 

Non-Federal  Responsibilities 
Sane  as  Plan  B. 

PUBLIC  VIEWS 
Same  as  Plan  B. 


i 
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PLAN  D 


PLAN  DESCRIPTION 

This  alternative  would  consist  of  the  same  two  local  protection 
projects  discussed  previously  -  the  Warwick  Avenue  Local  Protection 
and  the  Elmwood  Avenue  Local  Protection  Projects  acting  alone. 

The  protective  measures  evaluated  for  the  combined  Elmwood  Avenue  - 
Warwick  Avenue  area  would  protect  the  same  area  of  Warwick  (Zones  /, 

8  and  part  of  Zone  6)  as  given  in  f .  ..n  B. 

During  the  reevaluation  of  all  alternatives  after  the  October  1976 
public  meeting,  and  the  local  support  that  Plan  D  gathered,  more 
detailed  hydrologic  data  and  subsurface  exploration  Information  made 
Plan  D  significantly  different  in  heights  and  costs  than  originally 
reported.  Some  portions  of  the  Elmwood  Avenue  project  increased  in 
height  by  5  feet.  This  resulted  in  a  significantly  different  method 
necessary  to  control  the  interior  drainage/runoff.  The  net  affect 
was  a  doubling  of  costs  for  the  Elmwood  Avenue  portion  as  well  as  the 
taking  of  several  additional  homes  due  to  increased  dike  width.  The 
benefit-to-cost  ratio  for  the  Elmwood  Avenue  segment  based  upon  the 
most  recent  damage  survey  following  the  January  1979  flood  still  was 
below  0.5. 

IMPACT  ASSESSMENT 

The  Warwick  local  protection  project  would  provide  a  total  annual 
benefit  of  about  $1,450,000.  While  the  local  protection  project  for 
comparative  purposes  would  protect  150  ownerships  that  are  subject  to 
flooding  at  the  100-year  flood  level,  it  is  standard  practice  to 
design  Corps  local  protection  project  in  urban  areas  to  the  SPF  level 
to  avoid  the  false  sense  of  security  that  could  result  from  lower 
levels  of  protection.  The  Warwick  local  protection  project  would 
protect  450  ownerships:  9  industrial,  21  commercial  and  420 
residential. 

For  comparative  purposes  only,  at  the  occurence  of  a  100-year  flood 
event,  river  stages  would  be  3  to  6  feet  higher  than  those 
experienced  in  the  March  1968  flood,  and  7  to  15  feet  higher  than 
normal  river  stages.  Under  SPF  conditions,  river  stages  would  be  11 
to  15  feet  higher  than  those  experienced  in  the  March  1968  flood,  and 
13  to  20  feet  higher  than  normal  river  stages. 

Aa  mentioned  under  Plan  B,  social  well-being  would  be  expected  to 
increase  due  to  the  increased  security  afforded  area  residents  by  the 
wall  and  dike  systems.  Regional  development  could  be  expected  as  a 
result  of  additional  new  land  for  development  which  was  formerly 
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subject  to  flooding.  Existing  firms  could  new  expand  with  a  high 
assurance  that  their  investment  will  not  be  eliminated  due  to  a 
flood. 

Construction  of  the  project  would  bring  new  jobs  thus  increasing  the 
work  force  in  the  area.  This,  in  turn,  could  result  in  increased 
spending  throughout  the  region.  Construction  activities  could  result 
in  a  higher  volume  of  traffic  in  the  area  in  addition  to  creating 
additional  noise  and  air  pollution. 

As  stated  under  Plan  B,  the  resultant  dike  structures  depart  from  the 
natural  state  of  riverbank  but  could  be  constructed  and  maintained  to 
reflect  an  aesthetically  pleasing  manner. 

EVALUATION  AND  TRADE-OFF  ANALYSIS 

This  plan,  effectively  and  efficiently,  provides  an  SPF  level  of 
protection  to  the  previously  mentioned  areas.  With  lvo  resultant 
water  pollution  as  was  the  case  in  all  plans  involving  the  Natick 
Diversion,  the  possible  environmental  impacts  on  Apponaug  Cove  and 
Greenwich  Bay  are  eliminated.  As  a  result,  this  plan  became  more 
acceptable  to  both  the  public  and  municipal  and  State  agencies. 

Appraise  System  of  Accounts 

NED  Objective  -  The  project  first  cost  of  Plan  D  is  $15,050,000,  the 
benefits  are  $1,450,000  and  the  annual  charges  are  $1,160,000.  The 
purchase  of  approximately  seven  homes  would  be  required  at  the 
Elmwood  site. 

EQ  Objective  -  Noise  pollution  will  Increase  during  construction. 

The  walls  and  dikes  of  the  local  protection  projects  will  detract 
from  the  natural  riverine  state. 

SWB  Objective  -  There  will  be  an  increased  sense  of  security  among 
area  residents  as  a  result  of  the  decreased  flood  threat.  However 
there  will  be  increased  traffic  near  the  construction  site. 

RD  Objective  -  During  construction,  employment  opportunities  for 
skilled  and  unskilled  workers  will  Increase. 

Specific  Evaluation  Criteria 

Acceptability  -  As  this  plan  does  not  include  the  Natick  Diversion, 
it  was  acceptable  to  both  State  agencies  and  affected  individuals. 

The  contribution  to  the  project  cost  by  the  city  of  Warwick  was 
opposed. 
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Completeness  -  All  necessary  actions  for  successful  coupletion  of 
this  alternative  have  been  Included. 

Effectiveness  &  Efficiency  -  Yes. 

Certainty  -  High. 

Geographic  Scope  -  The  local  protection  project  lie  entirely  within 
the  Pawtuxet  Basin. 

NED  Benef It-to-Cost  Ratio  -  1.25. 


Reversibility  -  No. 

Stability  -  High. 

MITIGATION  REQUIREMENTS 

There  will  be  some  increase  in  flood  stages  immediately  upstream  from 
the  protection  projects  due  to  construction  of  the  dike  and  wall 
system  on  one  side  of  the  river,  at  a  SPF  occurrence  the  Increase 
will  generally  be  less  than  one  foot.  If  Big  River  Reservoir  is  to 
be  built,  and  flood  control  storage  included,  this  increase  due  to 
the  wall  and  dike  system  would  be  offset  by  the  reservoir. 

IMPLEMENTATION  RESPONSIBILITIES 

Coat  Allocation 


All  costs  of  this  project  are  allocated  to  flood  control.  The  costs 
are  shown  below. 

Project  Cost 
Annual  Charges 

Cost  Apportionment 

TaWe  IV- 2  summarizes  the  distribution  of  costs  between  Federal  and 
non-Federal  interests. 

Federal  Responsibilities 

The  benefits  securing  to  the  Warwick  Avenue  Local  Protection  and  the 
Elmwood  Avenue  Local  Protection  Projects  would  be  local  in  nature  and 
would  entail  the  usual  conditions  of  local  cooperation  as  listed  in 
the  following  paragraphs  of  non-Federal  responsibilities.  The  local 
protection  projects  would  be  constructed  by  the  Federal  government 
and  upon  its  completion  would  be  turned  over  to  the  city  of  Warwick 


$15,050,000 
$  1,160,000 
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for  operation  and  maintenance.  Federal  coat  involvement  beyond  this 
stage  would  be  limited  to  Federal  personnel  costs  associated  with 
periodic  inspection  of  the  project. 

While  participation  in  the  National  Flood  Insurance  Program  would  be 
a  local  responsibility,  there  would  be  attendant  responsibilities, 
those  of  providing  guidance  and  technical  assistance  to  the  local 
communities.  Part  of  this  guidance  would  include  encouragement  that 
all  basin  communities  consider  additional  land  use  controls  as  needed 
to  minimize  future  adverse  runoff  effects  as  the  basin  becomes  more 
urbanized. 

Non-Federal  Responsibilities 

Several  prerequisites  as  listed  in  Plan  B  would  be  required  of  the 
local  interests  to  prevent  further  encroachment  on  the  flood  plain 
that  could  reduce  the  effectiveness  of  the  diversion  project. 

Local  interests  would  be  responsible  for  implementing  the  necessary 
flood  plain  regulations  required  by  the  National  Flood  Insurance 
Program,  so  that  all  interested  parties  would  be  eligible  to  purchase 
insurance  under  the  program.  Local  communities  would  also  be 
encouraged  to  implement  additional  land  use  controls,  such  as  evalu¬ 
ation  and  institution  of  subdivision  regulations,  building  codes, 
land  easements  and  related  measures.  In  this  regard,  this  would 
insure  against  further  encroachment  of  the  flood  plains  as  well  as 
guide  their  development  and  redevelopment  so  as  to  lessen  future 
flood  losses. 

PUBLIC  VIEWS 

As  Alternative  "D"  eliminated  the  Natick  Diversion,  which  was 
strongly  opposed,  it  was  supported  by  both  State  agencies  and 
affected  individuals.  While  this  alternative  was  supported  on  the 
basis  of  the  flood  protection  it  provides,  the  contribution  to  the 
cost  that  the  city  of  Warwick  would  have  to  make  was  opposed.  This 
project  is  local  in  nature  thereby  requiring  the  city  to  pay  for  land 
acquisition  in  addition  to  operation  and  maintenance.  The  city  of 
Warwick  disagreed  with  this  philosophy  in  that  the  flooding  problems 
are  a  result  of  upstream  development  and,  therefore,  should  be 
considered  regional  in  scope.  It  would  require  a  bond  issue  or  a 
budgetary  line  item  on  the  part  of  the  city  which  in  all  probability 
would  not  pass. 
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PLAN  DESCRIPTION 

This  alternative  consists  of  the  provision  for  flood  control  storage  at 
the  proposed  Big  River  Water  Supply  Reservoir  equivalent  to  6  inches  of 
runoff*  This  alternative  was  considered  a  future  action  measure  to  be 
Implemented  by  non-Fedeal  Interests  prior  to  the  Initiation  of  the  Big 
River  feasibility  report  in  October  1977.  The  plan  would  also  consist  of 
a  management/regulation  of  both  Scltuate  and  Big  River  Reservoir  to  help 
reduce  flood  stages  by  allowing  some  flood  water  storage  at  Scituate. 

All  costs  shown  in  this  document  and  supr  -"ting  appendices  for  Big  River 
Reservoir  are  based  on  cost  updates  from  a  consultant  report.  For 
detailed  costs  on  the  Big  River  project,  the  reader  is  advised  to  review 
the  Big  River  Feasibility  Report. 

IMPACT  ASSESSMENT 

Benefits  for  the  flood  control  increment  at  Big  River  are  realized  in 
all  downstream  zones  from  the  confluence  of  Big  River  and  the  South 
branch  down  to  and  including  Zone  8.  The  total  annual  benefits  for  all 
zones  combined  amounts  to  over  $550,000  excluding  any  growth. 

The  project  is  not  justified  as  a  single  purpose  flood  control  dam  but 
when  considered  as  a  component  of  the  major  water  supply  purpose  is 
Justified  for  flood  control  when  cost-allocated.  This  section  addresses 
only  those  impacts  associated  with  the  flood  control  element  of  the 
reservoir.  Other  impacts  attributed  to  water  supply  are  treated  in  the 
report  on  the  feasibility  of  the  Big  River  Reservoir. 

The  addition  of  flood  control  storage  at  the  proposed  Big  River  Reser¬ 
voir  would  create  some  additional  minor  negative  impacts.  When  these 
Impacts  are  weighed  against  those  created  by  the  initial  water  supply 
Impoundments,  they  are  negligible.  The  significant  adverse  impacts  are 
as  follows:  Should  the  flood  control  increment  ever  be  filled  to  capac¬ 
ity,  an  additional  surface  area  of  120  acres  would  be  inundated.'  This 
is  equal  to  about  .2  square  miles.  The  surface  area  of  the  filled  water 
supply  pool  is  estimated  at  3,250  acres  or  5.1  square  miles.  The  flood 
control  element  is  designed  to  hold  six  inches  of  runoff  from  the 
upstream  watershed,  which  is  equal  to  the  excess  runoff  from  events 
larger  than  a  hundred  year  storm.  This  is  equal  to  an  increased  dam 
height  of  about  3  feet.  Although  this  would  create  an  increased  pool, 
the  State  of  Rhode  Island  currently  owns  over  8,500  acres  in  the 
proposed  impoundment  and  its  surrounding  area.  No  additional  land 
takings  due  to  the  flood  control  element  would  be  necessary. 

The  change  in  groundwater  levels  due  to  the  additional  heights  of  flood 
water  in  the  pool  are  negligible.  At  the  current  design  levels,  there 
is  less  than  a  three  foot  difference  between  the  water  supply  and  flood 
control  storage  levels.  As  the  flood  control  waters  are  only  temporar¬ 
ily  stored,  for  a  maximum  of  several  days,  the  additional  increase  in 
groundwater  would  be  difficult  to  measure  even  with  extremely  porous  soils. 
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Clearing  or  additional  cutting  of  vegetation  due  to  the  flood  control 
Increment  should  not  be  necessary.  The  effect  on  fish  and  wildlife  at 
the  impoundment  would  be  negligible  due  to  the  relatively  minor 
additional  height  of  the  dam.  The  effect  on  cultural  resources  at  the 
reservoirs  is  not  known  at  this  time  but  is  being  investigated  for  the 
Big  River  feasibility  report.  No  road  relocation  would  be  required 
because  of  the  additional  height  of  the  flood  control  pool.  At  the 
proposed  elevations  1-95  would  be  in  the  extreme  top  of  the  surcharge 
range.  At  extremely  rare  flood  events  when  the  water  supply  pool  is 
filled  to  capacity  some  water  could  appear  on  the  highway  surface  due 
to  either  wave  or  wind  action  or  as  condensate.  , 

The  actual  construction  of  the  control  dam,  an  earthen  dike  with  a  rip- 
rapped  face,  would  require  additional  materials,  about  80,000  cubic 
yards;  approximately  38,000  yards  of  random  fill,  30,000  yards  pervious 
and  the  remainder  impervious.  Additional  borrow  pits  should  not  be 
necessary  for  this  relatively  minor  increased  volume.  The  movement  of 
the  materials  and  its  placement  would  result  in  either  additional  track 
traffic  at  the  site  or  more  likely  increased  construction  time,  causing 
air  quality  degradation  and  noise.  Some  additional  erosion  problems 
during  construction  could  result  due  to  the  increased  material  usage  but 
safeguard  measures  would  be  employed  at  the  construction  site  to  minimize 
the  downstream  effects. 

Negative  effects  downstream  are  even  less  than  at  the  impoundment  area. 

As  floodflows  would  be  regulated  only  during  peak  flow  periods,  gene¬ 
rally  several  times  per  year,  no  change  in  the  river's  ecosystem  is 
expected  to  occur.  There  should  be  no  effect  on  downstream  fish  and 
wildlife  due  to  flood  control  at  Big  River.  There,  likewise,  would  be 
no  loss  of  wetlands  due  to  the  incremental  impoundment. 

Beneficial  impacts  from  the  flood  control  increment  are  substantial. 
Damages  to  existing  structures  are  significantly  reduced  for  all  down¬ 
stream  areas.  Average  annual  damages  for  zones  4  through  8  are  reduced 
as  follows  for  the  existing  structures;  42,  43,  48,  36,  and  29  percent, 
respectively  or  an  overall  reduction  of  36  percent.  Because  of  the  very 
high  rate  of  urbanization  being  experienced  in  the  basin,  a  trend  that 
is  expected  to  continue  in  the  future,  increased  runoff  from  the  basin 
would  result  in  higher  flood  stages  than  presently  expected  to  occur. 

The  construction  of  Big  River  flood  control  element  would  negate  all  of 
the  projected  increases  in  flood  stages  and  still  provide  for  a  slight 
reduction  over  today's  levels. 

Present  zoning  requirements  have  almost  eliminated  development  within 
the  one  hundred  year  flood  plain.  However,  new  growth  is  allowed  at  or 
above  this  level  even  though  it  could  be  damaged  by  a  major  flood.  Big 
River  Reservoir  would  provide  additional  safeguards  to  new  as  yet  unbuilt 
residences,  commercial  and  industrial  firms. 


20 


Overall  water  quality  in  the  lo-..ar  Fawtuxet  River  can  be  expected  to 
improve  during  periods  of  high  flow  as  the  reduced  flood  stages  would 
cause  less  chance  of  inundation  at  the  three  community  sewage  treatment 
plants*  Also  less  inundation  of  low  lying  homes  and  subsequent  septic 
tanks,  leaching  fields  or  cesspools  would  result  in  less  conforms 
entering  the  river* 

The  effect  on  downstream  transportation  roads  systems  would  be  positive 
as  they  too  would  be  subject  to  less  chance  of  inundation*  Effects  on 
social  stability  of  the  community  would  be  slightly  improved  as  there 
would  be  less  chance  of  flooding,  an  extremely  descriptive  social  aspect* 

The  overall  economy  of  the  area  would  be  improved.  The  additional 
length  of  construction  time  or  the  use  of  more  equipment  would  mean 
increased  utilization  of  the  local  construction  industry  with  subsequent 
hiring  of  more  local  workers.  Secondary  benefits  of  the  so  called 
multiplier  effect  would  also  be  evident  as  the  workers  have  more  money 
to  spend  local  merchants  would  gain  profits  and  potentially  have 
additional  workers.  In  addition,  the  flood-prone  industrial  and 
commercial  firms  would  be  able  to  operate  for  longer  periods  of  time 
without  fear  of  flooding,  subsequent  clean  up  costs,  and  loss  of  profit. 
Also  the  prevention  of  plant  shut-down  due  to  flooding  will  allow 
workers  to  earn  their  normal  wages. 

Hydrologic  Btudies  performed  by  the  Corps  for  the  Pawtuxet  River  water¬ 
shed  studies  indicate  the  existing  operation  at  Scituate  Reservoir 
provides  a  significant  modifying  effect  on  flood  discharges  along  the 
downstream  length  of  river.  If  the  crest  elevation  were  properly  main¬ 
tained  in  the  late  winter  and  early  spring  months,  additional  snowmelt 
runoff  storage  could  be  provided.  This  would  result  in  added  flood 
control  benefits  along  all  downstream  zones.  In  order  for  this  to  be 
successful,  it  is  important  that  watershed  runoff  not  be  wasted.  This 
means  that  the  water  content  of  the  snowmelt  must  be  high  enough  to 
assure  sufficient  water  supply  so  that  the  provision  for  flood  control 
can  be  made.  Therefore,  consideration  should  be  given  to  maintaining 
the  reservoir  at  a  level  not  to  exceed  a  predetermined  rule  curve  where 
the  rule  curve  would  be  based  on  the  existing  water  content.  If  the 
Providence  Water  Supply  Board  accepts  this  concept,  the  Corps  could 
provide  assistance  in  establishing  a  representative  snow  course.  The 
additional  flood  control  storage  would  produce  no  negative  impacts. 

EVALUATION  AND  TRADE-OFF  ANALYSIS 

By  addition  of  flood  control  storage  equivalent  to  6  inches  of  runoff 
from  the  upstream  drainage  area,  stage  reduction  would  be  evident  for  all 
downstream  reaches  along  the  South  Branch  and  the  mainstem  Pawtuxet. 

While  the  stage  reduction  is  less  than  2  feet  for  the  entire  range  of 
flooding  events,  it  would  have  a  significant  effect  on  reducing  damages. 
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There  are  contingencies  that  must  be  implemented  before  a  true  determin¬ 
ation  of  the  value  of  Big  River  can  be  made*  The  main  contingency  is 
the  contructlon  of  a  water  supply  detention  area  in  the  nearby  Pawcatuck 
Watershed*  When  and  if  completed  the  water  would  be  pumped  from  this 
area  into  Big  River  for  ultimate  storage. 

Acceptability  of  the  project  is  high.  This  is  due  to  both  its  ability 
to  provide  flood  control  storage  and  to  supplement  the  regions  water 
supply.  No  natural  valley  storage  is  lost  due  to  dike  construction  and 
additional  pollution  is  negated  by  elimating  a  diversionary  tunnel. 

Appraise  System  Of  Accounts 

NED  Objective  -  The  project  first  cost  of  Plan  E  is  $3,930,000,  the 
project  benefits  are  $725,000  and  the  annual  charges  are  $450,000.  This 
plan  will  provide  an  overall  reduction  in  damages  of  approximately  36Z. 

EQ  Objective  -  An  additional  0. 2  square  mile  will  be  inundated  at  the 
Big  River  reservoir  site.  There  will  be  an  overall  improvement  in  water 
quality  but  air  and  noise  pollution  will  be  present  during  construction 
activities. 

SWB  Objective  -  There  will  be  an  increased  sense  of  security  among  area 
residents  as  a  result  of  the  decreased  flood  threat.  During  construc¬ 
tion  there  will  be  Increase  in  traffic  near  the  site. 

RD  Objective  -  During  construction,  employment  opportunities  will 
increase  and  consequently  local  spending  will  increase. 

Specific  Evaluation  Criteria 

Acceptability  -  As  Big  River  Reservoir  would  benefit  the  entire  state  it 
was  generally  acceptable  to  everyone. 

Completeness  -  All  necessary  actions  for  successful  completion  of  this 
alternative  have  been  included. 

Effectiveness  and  Efficiency  -  Yes 

Certainty  -  Medium 

Geographic  Scope  -  This  plan  lies  entirely  within  the  Pawtuxet  River 
Basin. 

NED  Benefit-to-Cost  Ratio  -  1.60 


Reversibility  -  No 
Stability  -  High 
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MITIGATION  REQUIREMENTS 


None 

IMPLEMENTATION  RESPONSIBILITIES 
Coqt  Allocation 

The  objective  of  cost  allocation  Is  to  apportion  the  project  costs  among 
the  purposes  served  so  that  all  purposes  share  equitably  in  the  savings 
realized  from  multi-purpose  construction*  In  order  to  obtain  equitable 
distribution,  the  costs  are  distributed  so  that  the  allocated  share  of 
the  cost  to  any  purpose  will  carry  ut  least  its  separable  cost* 

The  costs  of  this  project  are  allocated  between  flood  control  and  water 
supply.  They  are  shown  on  the  following  table* 

LEGISLATED  AUTHORITY 


Flood  Control  Water  Supply 


Federal  Contribution  $3,930,000 

Non-Federal  Contribution  0 


0 

$67,760,000 


PROPOSED  COST  SHARING  REQUIREMENTS 

Federal  Contribution  $2,947,500  0 

Non-Federal  Contribution  982,500  67,760,000 

Total  Project  Cost  =  $71,690,000 

These  costs  are  based  on  updates  of  a  consultants  report*  For  actual 
costs  of  the  Big  River  Reservoir  project  as  currently  envisioned, 
consult  the  separate  feaslblity  report. 


Coat  Apportionment 

The  non-Federal  contribution  to  flood  control  Is  based  on  legislated 
policy.  Also  shown  are  the  costs  for  the  proposed  cost  sharing  which 
state  that  non-Federal  interests  will  contribute  25  percent  of  the  cost 
of  flood  control  works.  This  non-Federal  portion  consists  of  5  percent 
cash  contribution  prior  to  the  start  of  construction  from  the  State  with 
an  additional  20  percent  contribution  from  the  benefiting  communities  or 
other  non-Federal  interest  thereafter.  In  this  case,  the  total  non- 
Federal  contribution  of  982,500  (25  percent  of  3,930,000)  would  all  come 
from  the  State. 


Federal  Responsibilities 


Ae  the  flood  control  benefits  to  be  derived  by  the  Big  River  Reservoir 
would  be  regional  In  nature.  Federal  legislation  states  that  this 
portion  would  be  a  total  Federal  responsibility.  Therefore  all  costs 
associated  with  the  construction,  operation  and  maintenance  would  be 
Federally  funded.  Participation  in  the  National  Flood  Insurance  Program 
would  be  a  local  responsibility,  although  there  would  be  attendant 
responsibilities  such  as  providing  guidance  and  technical  assistance  to 
the  local  communities.  However,  the  proposed  policy  states  that  only  75 
percent  of  the  costs  will  be  Federal.  Both  methods  are  shown  above. 

Non-Federal  Responsibilities 

As  previously  covered,  the  flood  control  portion  of  the  Big  River  Reser¬ 
voir  would  be  a  total  Federal  responsibility  under  existing  legisla¬ 
tion.  However,  several  prerequisites  would  be  required  of  the  local 
interests  to  prevent  further  encroachment  on  the  flood  plain  that  could 
reduce  the  effectiveness  of  the  project: 

a.  Enforcement  in  all  downstream  reaches  of  the  100-year  flood- 
plain  and  the  other  basic  requirements  of  the  National  Flood  Insurance 

Program. 

b.  Publicizing  flood  plain  information  in  the  area  concerned  and 
providing  this  information  to  zoning,  banking  and  other  groups  for  their 
guidance  and  leadership  in  preventing  unwise  future  development  in  the 
flood  plains,  and  in  adapting  such  regulations  as  may  be  necessary  to 
Insure  compatibility  between  future  development  and  protection  levels 
provided  by  the  project. 

c.  At  least  annually,  informing  affected  interests  regarding  the 
limitation  of  the  protection  afforded  by  the  project. 

Local  interests  would  be  responsible  for  implementing  the  necessary 
flood  plain  regulations  required  by  the  National  Flood  Insurance 
Program,  so  that  all  interested  parties  would  be  eligible  to  purchase 
Insurance  under  the  program.  Local  communities  would  also  be  encouraged 
to  Implement  additional  land  use  controls,  such  as  evaluation  and  insti¬ 
tution  of  subdivision  regulations,  building  codes,  land  easements  and 
related  measures.  In  this  regard,  this  would  insure  against  further 
encroachment  of  the  flood  plains  as  well  as  guide  their  development  and 
redevelopment  so  as  to  lessen  future  flood  losses. 

PUBLIC  VIEWS 

As  Big  River  Reservoir  would  benefit  not  only  the  residents  of  Warwick, 
but  the  entire  State,  most  agencies,  munclpallties,  and  individuals 
favored  such  a  proposal.  All  those  concerned  realized  the  Big  River 
Reservoir  Project,  indentified  in  past  studies  as  an  alternative  for 
solving  the  anticipated  future  water  supply  needs  of  the  Providence 
Metropolitan  Area,  offers  the  potential  of  reducing  flood  damages  in 
the  Pawtuxet  Basin. 


24 


Since  the  additional  flood  control  storage  would  mean  about  a  3  foot 
increase  In  pool  elevation,  additional  adverse  impacts  would  be  minor. 
Therefore,  public  views  generally  addressed  those  concerned  relating  to 
the  project  as  a  whole  and  the  water  supply  aspects  of  it.  Comments 
regarding  the  water  supply  portion,  which  is  the  major  element  of  the 
project  have  been  presented  in  the  Big  River  Reservoir  feasibility  report. 
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PLAN  F' 


PLAN  DESCRIPTION 

This  alternative  would  constitute  tne  No  Action  program  or,  in 
effect,  what  would  happen  to  the  Paw.jxet  Basin  in  the  absence  of  any 
Federal  flood  control  involvement.  I:  would  assume  that  the  provi¬ 
sions  of  the  National  Flood  Insurance  Program  would  be  met,  thus 
eliminating  most  of  the  growth  poteuMa1  within  the  100-year  flood 
plain. 

IMPACT  ASSESSMENT 

Without  any  protection,  the  commit ities  along  the  Pav-'tuxet  would 
continue  to  face  the  threats  of  flooding.  As  urbanization  increases 
throughout  the  basin,  runoff  rates  will  incrtase  resulting  in  higher 
peak  discharges  and  higher  floodwaters.  This  will  result  in  even 
higher  damages  to  previously  flooded  areas  as  well  as  inundating 
normally  marginally  dry  areas.  Thus  new  development  in  upstream 
communities,  located  outside  of  the  flood  plain,  will  Increase 
damages  in  downstream  areas  “ven  without  any  lew  downstream  flood 
plain  development.  The  prognosis  is  much  ;tse  if  flood  plain 
development  either  in  upstream  or  d >  r.stream  communities  is  allowed 
or  if  the  existing  natural  valley  storage  areas  of  the  basin  are 
filled  in  or  reduced  in  size. 

Warwick,  Cranston  and  West  Warwick  are  the  only  basin  cot'  '"i'les 
currently  enrolled  in  the  regular  program  of  the  Nation  F  ood 
Insurance  Program.  As  such,  they  have  established  100-ye»"  fiood 
plain  zoning.  The  increased  flood  threat  fo"  these  three  communities 
is  the  most  severe.  They  must  adhere  to  the  basic  requirements  of 
the  program  or  face  even  more  potential  damages. 

The  monetary  losses  without  any  newly  constructed  flood  control 
structure  would  be  greatest  in  the  following  locations:  at  the 
Warwick  Industrial  Park,  the  Ciba-Geigy  complex,  the  Warwick  Mall 
area,  the  Jefferson  Avenue  industrial  complex,  the  Bulova  Watch 
Company,  the  Wellington  Avenue  Industrial  Park;  the  Pontiac  Print 
Works,  and  the  Norwood  (Belmont)  residential  area.  Eecause  of  the 
upstream  increases  in  runoff  rates  the  100-year  storm  by  the  year 
2020  could  be  almost  2  feet  above  that  which  now  exists.  At  these 
locations,  existing  annual  losses  are  $750,000,  1990  losses  are 
$982,00  and  2020  losses  are  $1,333,000.  This  corresponds  to  a  total 
Increase  of  31.5  percent  between  the  base  line  hydrology  and  the  1990 
conditions,  and  a  78.5  percent  from  base  line  up  to  2020  effects. 


EVALUATION  AND  TRADE  OFF  ANALYSIS 


Appraise  System  of  Accounts 

NED  Objective.  Losses  would  continue  along  the  tributaries  and  the 
aalnstem  of  the  Pawtuxet  River.  Participation  in  the  National  Flood 
Insurance  program  will  help  minimize  future  flood  losses. 

EQ  Objective.  No  effects. 

SWB  Objective.  The  threat  of  flood  damages  remains. 

RD  Objectives.  No  new  land  would  be  available  for  development  and 
compliance  with  FTA  zoning  requirements  would  be  necessary. 

Specific  Evaluation  Criteria 

Acceptability .  This  plan  does  not  Involve  any  major  changes  and 
would  be  acceptable. 

Completeness.  This  plan  would  have  to  be  Implemented  by  local 
authorities. 

Effectiveness  and  Efficiency.  This  plan  Is  only  as  effective  as  the 
degree  of  enforcement  of  the  regulatory  measures. 

Certainty.  Medium 

Geographic  Scope.  This  plan  is  entirely  within  the  Pawtuxet  River 
Basin. 

NED  Benefit-to-Cost  Ratio.  Not  applicable. 

Stability.  Medium 
MITIGATION  REQUIREMENTS 

While  no  direct  protection  is  provided  under  this  plan,  future  losses 
can  be  minimized  by  adherence  to  the  management  requirements  of  the 
National  Flood  Insurance  Program.  This  is  a  program  enabling 
property  owners  to  buy  flood  insurance  at  a  reasonable  cost.  A 
community  qualifies  for  the  program  in  two  separate  phases  -  the 
emergency  and  regular  programs.  The  emergency  program  provides 
limited  amounts  of  flood  insurance  while  more  detailed  studies  are 
undertaken  to  determine  the  extent  and  varying  degree  of  flooding 
throughout  the  area.  With  the  completion  of  the  flood  insurance  rate 
map  the  community  will  qualify  for  the  regular  program  where  a  second 
layer  of  insurance  becomes  available.  At  this  point  the  community's 
flood  plain  management  efforts  become  more  comprehensive. 
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IMPLEMENTATION  RESPONSIBT  LI  1  IE;. 

Costs 

Under  the  emergency  program  the  amount  of  coverage  available  for  a 
single  family  residence  Is  $35,000  plus  $10,000  for  contents.  When 
entering  the  regular  program  a  second  layer  of  coverage  becomes 
available  amounting  to  $150,000  .or  the  structure  and  $50,000  for 
contents.  Therefore,  the  total  amouni  available  under  the  first  and 
second  layers  is  $185,000  for  the  structure  of  a  single  family 
residence  and  $60,000  for  the  cont:->  .  Coverage  differs  for  other 
residential  structures  and  smal'  bus  ties. 

Only  the  first  layer  of  coverage  is  available  under  the  emergency 
program.  Slightly  higher  limits  of  coverage  a^.:  available  'or 
purchase  under  the  emergency  program  in  Hawaii,  Alaska,  the  U.S. 
Virgin  Islands,  and  Guam.  Full  coverage  is  available  under  the 
regular  program  for  all  structures  in  the  community.  New  construc¬ 
tion  and  substantial  improvements  are  charged  actuarial  rates  for  all 
coverage  while  all  exisi’  g  structures  are  charged  actuarial  rates 
for  the  second  layer  of  coverage  and  property  owners  have  the  option 
of  paying  either  the  suh-.idized  or  actuarial  rare  for  the  first 
layer,  whichever  Is  lower. 

The  subsidized  rates  are  $0.?5  and  $0.35  per  $ino  of  coverage  for  the 
structure  and  contents  respectively  for  single  family  rasiden  s. 
Actuarial  rates  are  furnished  bv  the  FEMA  dope-  e-i  ,u  the  type  of 
structure  and  elevation  relative  to  the  hate  f  o or' 

Federal  Res ponsibllit iu? 


Flood  Insurance  is  required  by  law  to  obtain  financing  for  buying, 
building  or  improving  property  located  in  the  HUD  identified  flood- 
prone  areas  of  a  community  where  flood  insurance  is  available.  The 
law  applies  to  any  mortgage  loan,  grant  or  other  funding  that  in  anv 
way  is  Federally  connected  -  either  direct  financing  from  a  Federal 
agency  or  a  conventional  mortgage  from  a  bank  or  savings  and  loan 
that  la  regulated  or  insured  by  the  Federal  Government.  When  a 
decision  must  be  made  as  to  whether  an  individual  requires  flood 
insurance,  it  will  be  made  by  a  Federal  agency.  It  is  also  the 
Federal  Governments  responsibility  to  establish  flood  plain 
management  measures. 

Non-Federal  Responsi v 4 1 ltles 

Each  Governor  has  designated  an  agency  of  State  government  to 
coordinate  the  State's  flood  insurance  program  activities.  These 
agencies  assist  communities  in  adopting  the  programs  required  flood 
plain  management  measures  which  should  be  implemented  by  local 
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authority.  These  measures  include  the  requirement  that  all  new 
buildings  in  the  flood  plain  be  elevated  or  floodproofed  beyond 
certain  levels  established  by  the  Federal  Emergency  Management  Agency 
(FEMA).  Also,  they  require  building  permits  for  all  proposed 
construction  or  other  development  in  the  community  and  a  review  of 
Che  permit  to  assure  that  sites  ore  reasonably  free  from  flooding. 

For  its  flood-prone  areas  the  comounity  must  also  require  proper 
anchoring  of  structures,  the  use  of  construction  materials  and 
methods  that  will  minimize  flood  damage,  adequate  drainage  for  new 
subdivisions,  and  the  location  and  design  of  new  or  replacement 
utility  systems  to  prevent  flood  los... 

Additional  standards  are  required  within  any  designated  floodway  or 
coastal  high  hazard  area.  A  community  is  encouraged  to  adopt  more 
conq>rehensive  standards  that  exceed  the  Federal  minimum  requirements. 


PUBLIC  VIEWS 

Throughout  the  study  and  at  the  various  public  meetings  no  opposition 
was  raised  concerning  a  program  of  regulatory  measures  such  as  those 
required  within  the  National  Flood  Insurance  Program.  However, 
because  of  the  continuing  hardship  imposed  on  the  people  of  Norwood, 
the  Flood  Insurance  Program  offered  no  relief  from  the  potential 
physical  and  health  hazards  created  in  lieu  of  a  physical  protection 
plan.  There  was  little  comment  regarding  the  NFIP  since  the  Corps 
was  not  the  agency  that  would  Implement  such  a  program.  This  is  done 
by  FEMA. 
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Plan  G 


PLAN  DESCRIPTION 

This  alternative  consists  of  the  21-foot  diameter  Natick  Diversion 
tunnel  and  the  Warvlck  Avenue  Local  Protection*  Alternative  G  is  the 
same  as  Alternative  C  except  that  the  Elmwood  Avenue  Local  Protection 
Works  has  been  dropped  from  consideration* 

IMPACT  ASSESSEMENT 

The  total  benefits  or  damages  prevented  under  this  plan  are  shown  on 
Table  IV-2.  As  was  the  case  under  Plan  "B",  most  of  the  residual  losses 
would  occur  in  the  Cranston  portions  of  zones  4B,  6,  7  and  8  but  to  a 
slightly  higher  degree  due  to  lower  flow  carrying  capability  of  the  21- 
foot  diameter  tunnel  as  opposed  to  the  30-foot  diameter  tunnel*  The 
Elmwood  Avenue  area  would  experience  stage  reductions  although 
reoccurring  losses  can  still  be  expected* 

Those  Impacts  attributed  to  regional  development  due  to  construction  of 
this  project  are  the  same  as  those  discussed  previously  under  the  other 
plans  which  Included  combinations  of  a  diversionary  tunnel  and  local 
protection  projects.  Increased  social  well-being  can  also  be  expected 
as  a  result  of  the  added  flood  protection*  Environmental  Impacts 
connected  with  this  tunnel  are  the  same  as  the  ones  covered  in  Plan  A. 

E  'JATION  AND  TRADE-OFF  ANALYSIS 

As  this  plan  involves  the  Natick  Diversion,  its  acceptability  is  low. 
Water  quality,  air  quality,  and  other  environmental  factors  contributed 
to  this  lack  of  acceptance. 

The  plan  provides  an  SPF  level  of  protection  to  the  Warwick  Industrial 
Park.  The  21-foot  diameter  tunnel  reduces  flood  stages  as  effectively 
as  the  30-foot  diameter  tunnel  up  to  the  100-year  flood*  At  a  500-year 
event  or  0*2  per  cent  chance  of  occurrance  flood,  reductions  in  stage  are 
significantly  higher  using  a  30-foot  diameter  diversion  tunnel. 

Appraise  System  Of  Accounts 

NED  Objective  -  The  project  first  cost  of  Plan  G  is  $50,020,000,  the 
benefits  are  $4,303,000  and  the  annual  charges  are  $4,050,000.  An 
undetermined  amount  of  capitol  would  be  lost  due  to  a  reduction  in 
ahellfiahing. 

EQ  Objective  -  Same  as  Plan  A 
SUB  Objective  -  Same  as  Plan  A 
RD  Objective  -  Same  as  Plan  A 
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Specific  Evaluation  Criteria 


Acceptability  -  No,  sane  as  Plan  A 
Completeness  -  Yes 

Effectiveness  and  Efficiency  -  Same  as  Plan  A 
Certainty  -  Low 

Geographic  Scope  -  Same  as  Plan  A 
NED  Benefit-to-Cost  Ratio  -  1.06 
Stability  -  Low 
Reversibility  -  No 
MITIGATION  REQUIREMENTS 
Same  as  Plan  B 

IMPLEMENTATION  RESPONSIBILITIES 
Cost  Allocation 


All  costs  associated  with  this  project  are  to  be  allocated  to  flood 
control.  The  cost  of  this  project  is  shown  below. 

Project  Cost  $50,015,000 

Annual  Charges  $  4,050,000 


Coat  Apportionment 

Cost  apportionment  between  Federal  and  non-Federal  interests  for  the 
plan  of  improvements  is  based  on  Federal  legislative  and  administrative 
policies  governing  flood  control  management  programs.  Summation  of 
project  costs  together  with  project  investment  and  annual  charges 
apportioned  among  Federal  and  non-Federal  interest  is  shown  on  Table  IV-2. 

Federal  Responsibilities 

As  the  flood  control  benefits  to  be  derived  by  the  Natick  Diversion 
would  accrue  to  three  municipalities,  namely,  the  town  of  West  Warwick 
and  the  cities  of  Cranston  and  Warwick,  the  project  would  be  regional  in 
character  and  wholly  Federal  under  present  existing  legislation.  In 
this  regard,  all  costs  associated  with  construction,  operation  and  main¬ 
tenance  of  the  diversion  project  would  be  Federally  funded.  The  diver¬ 
sion  project  would  be  operated  and  maintained  by  the  Federal  Government. 
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The  benefits  accruing  to  the  Warwick  Avenue  Local  Protection  would  be 
local  in  nature  and  would  entail  the  ususal  conditions  of  local  coopera¬ 
tion  as  listed  in  the  following  paragraphs  on  non-Federal  responsibili¬ 
ties.  The  local  protection  project  would  be  constructed  by  the  Federal 
Government  and  upon  its  completion  would  be  turned  over  to  the  city  of 
Warwick  for  operation  and  maintenance.  Federal  cost  involvement  beyond 
this  stage  would  be  limited  to  Federal  personnel  cost  associated  with 
periodic  inspection  of  the  project. 

While  participation  in  the  National  Flood  Insurance  Program  would  be  a 
local  responsibility,  there  would  be  attendant  responsibilities,  those 
of  providing  guidance  and  technical  assistance  to  the  local  communities. 
Part  of  this  guidance  would  Include  encouragement  that  all  basin  com¬ 
munities  consider  additional  land  use  controls  as  needed  to  minimize 
future  adverse  runoff  effects  as  the  basin  becomes  more  urbanized. 

Non-Federal  Responsibilities 

Same  as  Plan  B. 

PUBLIC  VIEWS 

Same  as  Plan  B. 
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Plan  H 


PLAN  DESCRIPTION 

The  plan  Is  fundamentally  the  same  as  the  two  local  protection  projects 
described  under  Plan  D,  but  at  different  design  conditions,  and  this 
plan  includes  the  multi-use  Big  River  Reservoir  complex  if  eventually 
found  feasible  and  environmentally  acceptable.  As  the  design  of  the 
reservoir  and  its  operation  would  be  governed  by  the  Corps  of  Engineers, 
flood  control  storages  can  be  carefully  regulated  and/or  controlled. 

IMPACT  ASSESSMENT 

As  mentioned  in  previous  plans  involving  these  measures.  Standard  Proj¬ 
ect  Flood  protection  would  be  afforded  the  Warwick  and  Elmwood  Avenue 
areas.  Minor  adverse  impacts  resulting  from  construction  such  as 
increased  traffic,  noise,  and  air  pollution  could  result  as  mentioned 
previously.  Also,  the  dike  structures  depart  from  the  natural  state  of 
the  river  bank.  Previously  stated  positive  impacts  on  regional  develop¬ 
ment,  social  well  being  and  increase  employment  and  work  force  would 
result  from  this  project. 

EVALUATION  AND  TRADE-OFF  ANALYSIS 

As  a  result  of  the  foundations  and  materials  investigations  and  the 
relatively  small  reduction  afforded  to  the  local  protection  areas  by 
flood  control  storage  at  Big  River  Reservoir  in  comparison  to  the 
diversion,  the  heights  of  the  two  local  protection  measures  would  have 
to  Increase.  The  overall  effect  on  the  Warwick  Avenue  Local  Protection 
would  remain  about  the  same  as  with  the  levels  considered  under  Plan  D. 
The  significant  change  occurs  in  the  Elmwood  area  where  the  reanalysis 
indicated  that  additional  riverside  berms  in  the  order  of  20  feet  wide 
will  be  required  to  stabilize  the  dike.  In  addition,  the  reductions 
afforded  under  the  Initial  scheme  of  Plan  D  were  not  as  great  as  with 
the  recalculated  values  mainly  because  of  the  tidal  influence.  Also  the 
costs  of  the  interior  drainage  facilities  increased  significantly. 

The  Elmwood  Avenue  area  in  Warwick  would  cost,  at  a  minimum,  six  million 
with  lands  and  damages  updated  to  present  figures.  As  the  protected 
area  is  mainly  residential  homes,  the  level  of  protection  must  approach 
a  Standard  Project  Flood.  At  that  level  there  are  approximately  85 
homes  and  10  commercial  firms  that  would  receive  damages.  At  the 
hundred  year  event  about  70  homes  and  8  commercial  concerns  would 
receive  damages.  Only  one  of  these  commercial  firm's  losses  are 
significant,  but  in  terms  of  annual  damages  are  relatively  minor. 
However,  approximately  10  homes  would  require  relocation  because  of  the 
dike  alignment.  Considering  the  high  cost  to  protect  mainly  residential 
structures,  the  average  home  would  cost  in  excess  of  $75,000  each  to 
protect. 
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Few,  if  any,  of  the  homes  in  the  area  even  with  the  maximum  relocation 
assistance  provisions  added  on,  are  worth  the  amount  cited*  Even  though 
the  area  warrants  some  form  of  protection  measure,  a  local  protection 
project  would  far  exceed  the  costs  even  with  potential  environmental  and 
social  trade-offs. 

Appraise  System  Of  Accounts 

NED  Objective  -  The  project  first  cost  of  Plan  H  is  $22,030,000,  the 
benefts  are  $2,001,000  and  the  annual  charges  are  $1,772,600.  The 
purchase  of  approximately  seven  homes  woulH  be  required  at  the  Elmwood 
site. 

BQ  Objective  -  Same  as  Plan  D  -  Noise  pollution  will  increase  during 
construction.  The  walls  and  dikes  of  the  local  protection  projects  will 
detract  from  the  natural  riverine  state. 

SWB  Objective  -  Same  as  Plan  D  -  There  will  be  an  increased  sense  of 
security  among  area  residents.  Seven  homes  will  be  relocated. 

RD  Objective  -  Same  as  Plan  D  -  Employment  opportunities  will  inrease 
during  construction. 

Specific  Evaluation  Criteria 

Acceptability  -  Yes 

Completeness  -  Yes 

Effectiveness  and  Efficiency  -  Yes 

Certainty  -  Medium 

Geographic  Scope  -  This  plan  is  entirely  within  the  Pawtuxet  River 
Basin. 

NED  Benefit-to-Cost  Ratio  -  1.13 
Reversibility  -  No 
Stability  -  High 
MITIGATION  REQUIREMENTS 
Same  as  Plan  D 

IMPLEMENTATION  RESPONSIBILITIES 
Cost  Allocation 


All  costs  are  allocated  to  flood  control.  This  cost  for  the  alternative 
is  as  follows. 
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Project  Costs 


Warwick  and  Elmwood  Avenue  Local  Protection  Project  $18,100,000 
Separable  Flood  Control  Cost  of  Big  River  3,930 ,000 

Total  $22,030,000 


Coat  Apportionment 

Coat  apportionment  between  Federal  and  non-Federal  Interests  is  based 
upon  legislative  and  management  policies  pertaining  to  flood  control 
management  program*  The  flood  control  element  of  the  Big  River  Reser¬ 
voir  is  considered  regional.  Therefore  it  will  be  Federally  funded. 
According  to  legislation  the  local  protection  projects  would  be  built  by 
the  Federal  Government,  The  costs  of  lands,  easements,  rights-of-way, 
and  relocation  in  addition  to  operation  and  maintenance  would  be  local 
responsibilities.  These  costs  are  summarized  and  displayed  in  Table  1V-2. 

Federal  Responsibilities 

As  previously  mentioned.  Big  River  Reservoir  would  be  a  total  Federal 
responsibility.  Participation  in  the  National  Flood  Insurance  Program 
would  be  a  local  responsibility,  although  the  Federal  Government  would 
provide  guidance  and  technical  assistance  as  an  attendant  responsi¬ 
bility, 

Mon  Federal  Responsibilities 
Same  as  Plan  D 
PUBLIC  VIEWS 

The  main  deterrent  to  this  plan  of  action  was  the  high  costs  involved  in 
operating  and  maintaining  the  local  protection  projects  which  would  be  a 
burden  to  the  city  of  Warwick.  City  officials  claimed  that  the  cause  of 
the  flooding  problems  in  their  area  was  due  to  upstream  development  and 
that  they  (the  city)  should  not  have  to  pay  the  consequences  when  others 
knowingly  encroached  on  the  flood  plain.  They  cited  that  a  bond  issue 
or  budgetary  line  item  would  be  needed  in  order  to  fund  the  project.  In 
all  likelihood,  neither  would  be  passed. 
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PLAN  I 

PLAN  DESCRIPTION 

This  plan  would  consist  of  the  multi-purpose  Big  River  Reservoir,  the 
Warwick  Avenue  Local  Protection  Project  and  a  proposal  called  the 
Norwood  Land  Bank.  The  Norwood  Land  Bank  would  involve  the  purchase 
of  the  most  flood-prone  homes  in  the  Norwood  Peninsula  (east  of 
Elmwood  Avenue)  by  Federal  Interest.  At  present,  40  homes  would  be 
bought.  The  same  nonstructural  alternatives  as  considered  under 
other  plans  would  also  be  applicable  to  this  alternative.  These  40 
homes  have  first  floor  elevations  less  than  the  one  hundred  year 
flood  as  modified  by  Big  River,  and  are  all  contiguous. 

The  evaluations  of  the  Warwick  Avenue  Local  Protection  would  be 
identical  to  those  considered  under  the  previous  alternative.  The 
difference  is  that  the  consideration  for  a  local  protection  project 
for  Elmwood  Avenue  has  been  replaced  by  a  proposal  for  outright 
purchase  of  homes.  As  with  the  previous  alternative,  Big  River  would 
be  planned,  designed  and  if  economically  justified  and  environmen¬ 
tally  acceptable  built  by  the  Corps  of  Engineers. 

In  the  event  that  Big  River  Reservoir  is  found  to  be  environmentally 
unacceptable,  a  second  option  to  Plan  1  is  proposed.  This  option 
would  still  include  the  Norwood  land  bank  and  the  Warwick  Avenue 
Local  Protection  Project  as  the  structural  elements  of  the  plan.  The 
difference  would  be  the  number  of  homes  to  be  included  in  the  land 
bank.  As  the  reductions  afforded  by  Big  River  Reservoir  would  be  no 
longer  possible,  the  number  of  homes  experiencing  first  floor 
flooding  at  the  hundred  year  flood  would  increase  by  14;  thus  54 
homes  in  the  Norwood  (Belmont)  area  would  receive  first  floor 
flooding.  All  of  these  homes  would  be  included  in  this  acquisition 
program. 

IMPACT  ASSESSMENT 

The  benefits  attributed  to  the  Warwick  Avenue  Local  Protection  and 
Big  River  Reservoir  are  essentially  the  same  as  those  calculated 
under  the  previous  alternatives.  However  the  benefits  for  the 
Norwood  Land  Bank  consist  of  those  described  under  ER-1105-2-353,  and 
the  benefits  to  Big  River  Reservoir  have  been  reduced  slightly  to 
acount  for  the  elimination  of  the  homes  in  the  Norwood  area  that 
would  be  purchased  under  the  land  bank. 

Benefits  to  Big  River 
Benefits  to  Warwick  Avenue 
Benefits  to  Norwood  Land  Bank 
TOTAL 


$725,000 

950,000 

126,500 

$1,801,500 
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The  Warwick  Avenue  area  is  primarily  a  heavily  develop'd  industrial 
area.  With  construction  activities  in  this  area,  the  possibility 
exists  that  some  local  merchants  might  lose  business  as  customers 
would  prefer  to  shop  in  a  less  congested  area.  Under  the  second 
option  the  height  of  the  protective  measures  would  have  to  be 
slightly  higher,  about  one  foot  on  the  average,  if  a  standard  project 
design  criteria  is  used. 

This  plan  has  the  least  damaging  environmental  impacts.  The 
additional  3  feet  of  storage  and  consequent  increase  in  pool 
elevation  of  the  Big  River  Reservoir  complex  is  assumed  to  have 
minimal  effects.  It  is  to  be  reemphasized  that  the  impacts  mentioned 
for  Big  River  are  applicable  only  for  the  addi tonal  flood  control 
increment  of  approximately  3  feet.  (Under  the  second  option  Big 
River  Reservoir  would  not  be  constructed.) 

It  does  not  include  the  environmental  effects  of  its  major  use  - 
water  supply.  The  complete  impacts  of  the  entire  Big  River  multi-use 
complex  have  been  described  in  the  draft  EIS  prepared  by  this  office 
contained  in  the  interim  reported  dated  July  1980. 

The  plan  when  consisting  of  Big  River  Reservoir  requires  the  taking 
of  40  homes  in  the  Norwood  area.  These  homes  are  highly  subject  to 
flooding.  Most  receive  monetary  losses  to  some  degree.  Every  year 
homeowners  have  indicated  that  they  object  to  relocation.  All  have 
first  floor  elevations  below  the  100-year  flood  as  modified  by  Big 
River  Reservoir  operation.  Under  the  second  option  54  homes  would  be 
acquired,  all  with  first  floor  elevations  below  the  100  year  natural 
levels  without  Big  River  Reservoir.  A  petition  was  received  in  April 
1979  containing  signatures  of  approximately  30  affected  residents 
giving  their  approval  of  the  Corps  acquisition  plan. 

After  the  homes  are  purchased  and  removed,  the  vacant  land  could  be 
turned  into  a  park  system  by  local  interests  with  significant  funding 
possible  by  other  Federal  agencies. 

EVALUATION  AND  TRADE-OFF  ANALYSIS 

This  plan  offers  protection  to  the  Standard  Project  Flood  level  at 
the  Warwick  Avenue  area  mentioned  previously.  At  the  Norwood  area  40 
to  54  homes  (with  first  floor  elevations  homes  within  the  100-year 
flood  plain  as  modified  by  Big  River  Reservoir)  would  be  removed 
thereby  eliminating  most  of  the  potential  for  heavy  loses.  The 
remaining  homes  would  still  be  subject  to  less  frequent  flooding 
events  or  to  a  minor  amount  of  groundwater  flooding  occuring  at 
moderate  ranged  events. 
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Residents  of  the  Norwood  area  have  had  to  evacuate  their  homes  in  the 
past.  When  ordered  to  evacuate,  most  are  homeless  for  several  days 
and  in  some  instances  considerably  longer.  This  creates  a  financial 
burden  to  those  families  as  the  expenses  for  lodging,  meals,  and 
other  related  costs  are  not  reimbursable  under  the  Flood  Insurance 
Program. 

Evacuation  also  creates  a  severe  safety  and  health  hazard.  Elec¬ 
tricity  is  shut  off  for  the  area  until  the  water  recedes  and  switch 
boxes  are  inspected.  The  hot  water  boiler*  or  furnaces  also  have  to 
be  repaired  or  replaced  constantly.  The  .  •-•es  in  this  area  are  also 
on  septic  tank  systems.  Due  to  the  constantly  rising  water  levels 
much  of  the  untreated  effluent  could  be  going  into  the  Pawtuxet 
rather  than  seeping  into  the  ground.  This  contributes  to  the  degra¬ 
dation  of  the  area's  water  quality. 

Most  of  the  area  residents  experience  annual  cellar  flooding.  Even 
after  floodwaters  recede,  groundwater  levels  remain  high  necessita¬ 
ting  the  extended  use  of  sump  pumps.  Some  pumps  are  operative 
virtually  the  entire  year. 

The  problems  mentioned  above  would  be  eliminated  by  the  Norwood  Land 
Bank  under  either  option.  This  plan  has  the  most  favorable  Benefit- 
to-Cost  Ratio  among  the  ten  alternatives. 

Appraise  System  of  Accounts 

NED  Objective  -  The  project  first  cost  of  Plan  I,  is  $16,870,000,  the 
benefits  are  $1,801,500  and  the  annual  charges  are  $1,429,300.  The 
outright  purchase  of  approximately  40  homes  in  the  Norwood  area  is 
included  in  this  plan. 

EQ  Objective  -  Noise  pollution  will  increase  during  construction. 

The  walls  and  dikes  of  the  local  protection  projects  will  detract 
from  the  natural  riverine  state.  The  Norwood  site  will  be  available 
for  a  recreational  area. 

SWB  Objective  -  Area  residents  may  experience  an  increased  sense  of 
security  but  the  displacement  of  families  in  approximately  40  to  54 
residences  will  be  necessary. 

RD  Objective  -  During  construction,  employment  opportunities  for 
skilled  and  unskilled  workers  will  increase. 

Specific  Evaluation  Criteria 


Acceptability  -  Yes 


Completeness  -  Yes 


Effectiveness  &  Efficiency  -  This  plan  is  effective  and  the  least 
costly. 

Certainty  -  Medium. 

Geographic  Scope  -  Entirely  within  the  Pawtuxet  Basin. 

NED  Benefit-to-Cost  Ratio  -  1.26. 


Reversibility  -  No. 

Stability  -  High 
MITIGATION  REQUIREMENTS 

After  the  homes  are  purchased  and  removed,  the  vacant  land  could  be 
utilized  as  a  park  system  by  local  interests  with  significant  funding 
possible  by  other  Federal  agencies. 

IMPLEMENTATION  RESPONSIBILITIES 

This  section  discusses  the  responsibilities  and  cost  apportionment 
between  Federal  and  non-Federal  interests  that  would  be  required  for 
implementation  of  the  recommended  plan.  As  formulated,  the  plan 
offers  an  optimum  of  development  geared  to  a  flood  management  program 
for  satisfying  the  economic,  social  and  environmental  concerns  and 
resolving  the  flood  problems  and  needs  of  the  basin. 

Cost  Allocation 


All  costs  of  the  alternative  are  allocated  to  flood  control.  Only 
the  flood  control  element  of  the  Big  River  Reservoir  is  included 
here.  Separable  costs  of  flood  control  and  water  supply  of  the  Big 
River  Reservoir  Project  are  shown  under  Plan  E.  The  costs  of  this 
project  are  given  below.  Under  the  second  option,  Big  River  would 
not  be  constructed. 

Project  Cost 
Annual  Charges 

Cost  Apportionment 

Under  the  present  legislated  cost  sharing  requirements  the  entire 
flood  control  separable  costs  of  Big  River  Reservoir  will  be  totally 
Federally  funded,  as  it  provides  region  wide  flood  control  benefits. 
The  construction  costs  of  the  Warwick  Local  Protection  will  also  be 


$16,870,000 
$  1,429,300 
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Federally  funded.  However,  the  costs  of  lands,  damages,  rights-of- 
way,  operation  and  maintenance,  etc.,  will  be  a  non-Federal  responsi¬ 
bility.  The  costs  of  the  Norwood  Land  Bank  will  also  be  highly 
Federal.  This  policy  has  been  established  under  Section  73b  of  the 
1974  Water  Resources  Development  Act.  A  more  detailed  discussion  on 
cost  sharing  of  the  land  bank  concept  is  discussed  under  the  section 
entitled,  "Rationale  for  the  Selected  Plan.” 

Using  the  current  policy  applied  to  major  water  resources  projects,  a 
significant  change  in  cost  sharing  requirements  is  evident.  Twenty 
percent  of  the  total  projects  first  cost  mst  be  borne  by  the  local 
benefactors  of  the  project  and  an  additional  five  percent  payment  in 
cash  be  the  State  of  Rhode  Island  prior  to  the  start  of  construction. 
Detailed  project  costs  for  Big  River  are  included  in  the  separate 
feasibility  report.  As  Big  River  Reservoir  protects  four  downstream 
communities  in  varying  degrees  it  has  been  determined  that  the  State 
of  Rhode  Island  should  be  required  to  pay  the  20  percent  local  share 
of  the  reservoir  project.  Collect  a  pro-rated  reimbursement  from  the 
towns  in  order  to  guarantee  the  cost-sharing  requirements.  The 
Warwick  Local  Protection  and  the  Norwood  Land  Bank  will  require  the 
20  percent  contributions  from  the  city  of  Warwick  apportionment  is 
shown  in  Table  IV-2. 

Federal  Responsibilities 

As  stated  previously,  using  legislated  authority  local  cost  sharing 
benefits  derived  from  the  flood  control  element  of  the  Big  River 
Reservoir  would  be  regional  in  scope  and  therefore  funded  by  the 
Federal  Government.  Water  supply,  its  major  use,  would  be  a  local 
responsibility. 

The  Warwick  Avenue  Local  Protection  project  would  be  built  by  the 
Federal  Government  with  appropriate  cost  sharing,  and  upon  its 
completion  would  be  turned  over  to  local  authority  for  operation  and 
maintenance.  The  same  holds  true  for  the  Norwood  Land  Bank. 

While  participation  in  the  National  Flood  Insurance  Program  would  be 
a  local  responsibility,  there  would  be  attendant  responsibilities, 
those  of  providing  guidance  and  technical  assistance  to  the  local 
communities.  Part  of  this  guidance  would  include  encouragement  that 
all  basin  communities  consider  additional  land  use  controls  as  needed 
to  minimize  future  adverse  runoff  effects  as  the  basin  becomes  more 
urbanized. 

Non-Federal  Responsibilities 


The  Big  River  Reservoir  would  be  built  by  the  Federal  Government,  as 
mentioned  previously.  However,  upon  its  completion,  it  would  be 
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turned  over  to  local  authority  for  operation  and  maintenance.  At 
present,  this  authority  would  be  either  the  Rhode  Island  State  Water 
Resources  Board  or  the  Providence  Water  Supply  Board.  A  final  deter¬ 
mination  would  be  made  prior  to  Congressional  authorization  for 
project  advanced  engineering  and  design. 

As  the  benefits  accruing  to  the  Warwick  Avenue  Local  Protection  and 
the  Norwood  Land  Bank  would  occur  principally  within  Warwick,  the 
projects  would  entail  the  conditions  of  local  cooperation  in 
accordance  with  Section  3  of  the  Flood  Control  Act  of  1936,  as 
amended,  and  in  conformance  with  the  po^'cy  expressed  in  EM  1120-2- 
101.  Local  interests  would  be  required  to  give  assurances  satis¬ 
factory  to  the  Secretary  of  the  Army  that  they  would: 

a.  Provide  without  cost  to  the  United  States,  all  lands, 
easements,  and  rights-of-way  necessary  for  construction  of  the 
project; 

b.  Hold  and  save  the  United  States  free  from  damages  due  to  the 
construction  works; 

c.  Maintain  and  operate  all  the  works  after  completion  in 
accordance  with  regulations  prescribed  by  the  Secretary  of  the  Army; 

d.  Provide,  without  cost  to  the  United  States,  all  alterations 
and  replacements  of  existing  utilities  including  bridges,  highways, 
sewers  and  railroad  modifications  and  relocations  other  than  railroad 
bridges  and  their  approaches;  which  may  be  required  for  the  construc¬ 
tion  of  the  project; 

e.  Prescribed  and  enforce  regulations  to  prevent  encroachment 
on  both  the  improved  and  uninproved  channel; 

f.  Prohibit  encroachment  on  project  ponding  areas  and,  if  the 
capacity  of  these  areas  is  impaired,  promptly  provide  substitute 
ponding  capacity  or  equivalent  pumping  capacity  without  cost  to  the 
United  States;  and 

g.  Comply  with  the  requirement  specified  in  Section  210  and 
305  of  Public  Law  91-646,  91st  Congress,  approved  2  January  1971, 
entitled,  "Uniform  Relocation  Assistance  and  Real  Property  Policies 
Act  of  1970." 

Local  interests  would  be  responsible  for  implementing  the  necessary 
flood  plain  regulations  required  by  the  National  Flood  Insurance 
Program,  so  that  all  interested  parties  would  be  eligible  to  purchase 
insurance  under  the  program.  Local  communities  would  also  be 
encouraged  to  implement  additional  land  use  controls,  such  as 
evaluation  and  institution  of  subdivision  regulations,  building 
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codes,  land  easements  and  related  measures.  In  this  regard,  this 
would  Insure  against  further  encroachment  of  the  flood  plains  as  well 
as  guide  their  development  and  redevelopment  so  as  to  lessen  future 
flood  losses. 

PUBLIC  VIEWS 

Big  River  Reservoir  would  benefit  many  of  the  residents  of  the  State 
of  Rhode  Island  from  its  water  supply  elements.  It  would  also 
benefit  the  communities  of  Coventry,  West  Warwick,  Cranston  and 
Warwick  by  reducing  the  flood  problems  along  the  south  branch  of  the 
Pawtuxet  River  and  the  mainstem  Pawtuxet.  Inclusion  of  flood  control 
storage  of  Big  River  has  been  recommended  by  many  State  and  local 
officials  during  the  public  involvement  phases  of  this  study. 

The  Warwick  Avenue  Local  Protection  Project  was  advocated  by  the  city 
of  Warwick  throughout  the  study  until  the  cost  sharing  requirements 
become  evident.  Property  owners  within  the  limits  of  the  protection 
scheme  have  not  voiced  strong  approval  for  the  project,  and  one  of 
the  larger  benefactors  of  the  project  has  objected  to  its  construc¬ 
tion. 

The  Norwood  Land  Bank  concept  was  explained  to  local  citizens  in 
public  workshops  held  in  March  1979. 

Prior  to  March  1979  the  residents  of  Norwood  and  Warwick  officials 
had  not  Indicated  any  support  of  a  potential  acquisition  plan.  After 
suffering  flood  damages  in  both  1978  and  1979  and  facing  the  reality 
that  flooding  would  always  be  a  threat,  support  of  an  acquisition 
plan  grew. 

Investigation  by  this  office  has  indicated  that  residents  of  the 
Norwood  peninsula  are  generally  in  favor  of  a  relocation  program.  A 
petition  (See  Appendix  3)  indicating  this  was  received  in  April 
1979.  Repeatedly,  over  the  years,  families  have  had  to  evacuate 
their  homes  as  floodwaters  rose  and  the  threat  of  health  hazards  and 
unsafe  conditions  increased.  The  people  of  the  area  view  this  plan 
as  a  relief  from  the  continuing  ravages  of  the  Pawtuxet  River. 
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PLAN  J 


PLAN  DESCRIPTION 

Plan  J  Is  a  nonstructural  plan.  Nonstructural  measures  Include 
floodproofing,  relocation,  and  regulatory  measures  to  minimize  flood 
loss.  As  regulatory  and  future  action  measures  are  Included  In 
previous  plans,  floodproofing  and  relocation  are  addressed  here. 

Floodproofing  consists  of  those  adjustments  to  structures  which  are 
designed  or  adapted  primarily  to  reduce  existing  flood  damages.  These 
adjustments  usually  consist  of  barriers  on  windows  and  doors,  a  water¬ 
tight  membrane  surrounding  interior  walls,  and  Interior  drainage 
control*  Many  other  floodproofing  schemes  are  also  possible. 

Relocation  is  required  when  the  potential  floodwaters  exceed  the 
limits  of  flood  proofing,  or  excessive  depths  of  flooding  are 
anticipated  at  moderate  ranged  events. 

Through  Initial  screening  It  was  determined  that  flood  problems  within 
zone  1,  2,  3,  4A  and  7A  are  minimal  and  no  further  evaluation  was 
required  In  these  zones.  Therefore,  analysis  was  concentrated  in 
zones  4  through  8,  and  the  tributary  zones. 

A  computer  program  was  derived  to  provide  an  Initial  screening  of  the 
residential  structures.  The  damage  figures  used  in  the  program  were 
based  on  past  damage  surveys  performed  by  this  Divis^.n  for  various 
types  of  homes,  and  the  depth  damage  curves  developed  by  the  FEMA. 
Literature  search  plus  in-house  expertise  have  resulted  in  the 
following  list  of  criteria  that  were  used  in  this  program.  The 
criteria  applied  in  this  flood  proofing  program  has  been  previously 
described  in  Chapter  III  on  page  11. 

IMPACT  ASSESSMENT 

At  the  Standard  Project  Flood  level,  approximately  616  structures, 
equivalent  to  33  percent  of  the  total  number  of  structures  located  in 
the  SPF  flood  area,  would  have  to  be  relocated-  Eighty-three  of  these 
structures  represent  commercial  or  industrial  establishments  employing 
in  excess  of  5,700  people.  At  the  100-year  flood  level,  approximately 
26  structures  would  have  to  be  relocated,  of  which  14  are  commercial 
or  industrial  firms  employing  about  2,500  people. 

EVALUATION  AND  TRADE-OFF  ANALYSIS 

It  is  evident  from  the  figures  shown  in  Table  III-2  where  the  benefit  to 
cost  ratios  for  the  100-year  flood  and  the  Standard  Project  Flood  are 
0.10  and  0.04,  respectively,  that  this  alternative  as  a  total  system  is 
not  economically  feasible.  While  it  would  allow  portions  of  riverbank 
to  be  converted  to  a  greenbelt  area,  the  social  ramifications  would  be 
significant  as  about  14  industrial  and  commercial  establishments  would 
have  to  be  relocated,  resulting  in  the  direct  loss  of  over  2,500  jobs. 

In  addition,  about  65  homes  would  have  to  be  raised  or  relocated.  At 
the  Standard  Project  Flood  analysis,  although  more  theoretical,  the 
losses  are  much  more  significant.  Table  III-2  lists  these  relocations 
by  major  land  use  category. 
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The  benefit  to  cost  ratio  for  single  structures  was  also  analyzed  for 
those  that  had  high  losses  and/or  low  corrective  costs*  It  was 
determined*  with  the  aid  of  the  computer  program  for  residential 
structures  and  individual  analysis  for  nonresldentlal  structures  that 
only  a  few  homes  in  the  basin  were  considered  marginally  feasible  for 
flood  proofing*  It  became  evident*  based  on  conservative  evaluation 
criteria,  that  the  unreinforced  concrete  walls  would  fail  at  a  much 
lower  head  differential  and  the  bouyancy  effect  would  necessitate 
construction  of  much  thicker  basement  slabs  (about  20  inches  thick  as 
opposed  to  the  usual  4  inches)* 

Appraise  System  of  Accounts 

NED  Objective  -  The  project  first  cost  of  Plan  J  is  $324,000,000,  the 
project  benefits  are  $3,120,000  and  the  annual  charges  are  $26,143,000. 

EQ  Objective  -  Not  applicable. 

SWB  Objection  -  While  there  would  be  an  Increased  sense  of  security 
for  residents,  approximately  26  relocations  owould  be  required  at  the 
100-year  flood  level  of  protection  or  616  relocations  at  the  SPF 
level. 

RD  Objective  -  A  direct  loss  of  jobs  would  result  due  to  relocations. 
Specific  Evaluation  Criteria 


Acceptability  -  Some 

Completeness  -  This  plan  would  require  revised  zoning  and  regulatory 
measures  Implemented  by  local  authority. 

Effectiveness  and  Efficiency  -  This  plan  is  not  effective  in  reducing 
non-physical  losses. 

Certainty  -  Medium 

Geographic  Scope  -  Entirely  within  the  Pawtuxet  Basin. 

NED  BenefIt-to-Cost  Ratio  -  0.12 


Reversibility  -  Yes 
Stability  -  High 
MITIGATION  REQUIREMENTS 

In  addition  to  being  paid  for  the  property  acquired  by  the  Government 
and  reasonable  moving  expenses,  a  homeowner  who  is  displaced  by  a 
project  is  eligible  for  a  supplemental  housing  payment  up  to  $15,000 
if  necessary  to  assist  in  the  purchase  and  occupancy  of  a  comparable 
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decent,  safe,  and  sanitary  home.  ir-  •  reqo  crnents  must  be  met  to 

determine  the  size  of  this  amount* 

Tenants  displaced  may  be  eligible  for  pjyr  .a-.rs  up  to  $4,000  based  on 
other  criteria. 

IMPLEMENTATION  RESPONSIBILITIES 
Cost  Allocation 

All  costs  are  allocated  to  tlood  con  ’■_ .  The  results  of  the  analysis 
are  tabulated  by  category  and  by  com.  .  tegory.  Tables  1 1 1 —  1  and 

III-2  represent  total  costs  of  f’ood  .  ..ng  structures  in  the  flood 

hazard  areas  under  existing  conditions.  e  number  of  affected  sf  ^ucr- 

tures  represent  ownerships  which,  could  brnhirl-  a  complex  of  structures 
such  as  a  manufacturing  concern  or  a  c om-ae la'  plaza.  Thus,  the 
Warwick  Mall  and  Clba  Geigy  are  handled  ;  -ca.:t  i tuting  only  one 

structure  each.  The  costs  noted  in  hot  coe'e*  include  tne  costs 
associated  with  relocation  of  structurec-  filth,  ugh  floodproofing 
measures  would  be  considered  only  to  the.  ;  .  -v  r  flood  event,  costs 

reflecting  the  Standard  Project  Flood  cor'd  ■'■‘.on  were  derived  as  a 
means  of  demonstrating  an  order  of  magrii' 

Cost  Apportionment 

As  stated  previously,  costs  were  dev« i.opu.u  fin  .-.ii  structures  «r  two 
levels  of  flooding,  namely  the  Standard  Pro;’ e  of-  FI''-,  .-.ad  the  100-year 
flood.  Costs  to  the  non-Federal.  interests  •i.’nnt  c:  20  percent:  of 

the  total  project  first  costs,  as  specified  >-  Water  resources 
Development  Act,  1 9 7 4. 

Federal  Responsibilities 

Other  than  the  financial  obligation-  .-on  .<  ;eci  .above,  the  Federal 
government  would  install  the  floodproci  rv  rr.c.a.i- ares  In  the  affected 
structures  and  would  provide  technics'  stance  such  as  to  local 

operation  and  maintenance  of  the  system.  This  would  include  correct 
installation  of  flood  shields  on  doors  and  « ’chows  and  proper  sealing 
of  other  openings. 

While  participation  in  the  National  Flood  jjv.urance  Program  is  a 
local  responsibility,  the  Federal  government  would  provide  technical 
assistance  and  guidance,  as  attendant  responsibilities.  This  would 
include  encouraging  al .  basin  communities  i  >  consider  additional  land 
u9e  controls  and  to  participate  in  the  ■Trod  insurance  program. 

Non-Federal  Responsibilities 

The  individual  homeowner  would  be  re. pom  Loir  for  making  sure  that 
the  floodproofing  measures  are  properly  r laced  in  the  event  of  an 
Impending  flood.  All  seals  should  be  mace  ready  and  (he  occupants 
should  be  ready  to  evacuate  if  the  sit  ear  ion  warrants  such  action. 


45 


Local  communities  would  be  responsible  for  publicizing  flood  plain 
information  as  well  as  emergency  evacuation  information*  It  would  be 
a  local  responsibility  to  discourage  any  future  unwise  use  of  the 
flood  plain* 
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Because  of  the  duration  of  the  plan  formulation  and  screening 
processes,  several  of  the  alternatives  either  lacked  economic 
justification  or  were  not  acceptable  to  local  interests.  All  plans 
including  the  Natick  Diversion  as  its  major  structural  element  were 
publically  unacceptable  due  to  potential  environmental  problems  and 
therefore  eliminated  as  candidates  for  the  selected  plan.  The  final 
benefit  to  cost  ratios  for  plans  involving  the  Natick  Diversion  were 
derived  in  the  Draft  Technical  Appendix  of  October  1976,  and  updated 
to  September  1978.  Benefits  were  formulated  using  guidelines  of  ER 
1105-2-351  dated  13  June  1975. 

The  riverine  environmental  quality  would  be  enhanced  by  alternatives 
A,  B,  C,  and  G.  There  are,  however,  potential  harmful  effects  of  the 
diversion  which  could  be  felt  in  Greenwich  Bay  during  a  diversion 
(the  major  reason  why  it  was  found  unacceptable).  The  impacted 
medium  in  most  instances  would  be  early  life  stages,  i.e.,  eggs  and 
larvae,  and  the  affected  area  would  be  dependent  upon  the  amount  and 
duration  of  the  diversion  event,  and  the  particular  time  of  the 
year.  As  the  rate  of  the  diversion  increases  above  that  of  a  15-year 
event,  some  mortality  of  first  year  and  older  adults  of  most  species 
would  be  probable.  It  is  important  to  note  that  there  is  a  fairly 
high  uncertainty  associated  with  this  statement.  This  is 
attributable  to  the  fact  that  this  portion  of  the  analysis  was 
derived  from  a  mathematical  model  that  assumed  worst  possible 
conditions  such  as  complete  mixing  of  the  fresh  water  discharge  with 
the  saline  water  of  Apponaug  Cove  and  Greenwich  Bay,  no  turbulence 
at  the  outlet  site  which  in  practice  would  aid  in  dispersing  the 
discharge,  and  that  existing  water  quality  data  for  the  Pawtuxet  will 
not  improve  by  the  time  the  diversion  would  have  been  operative 
(1985)  as  originally  assumed  in  the  draft  survey  report.  The  latter 
is  of  significance  only  for  coliform  data  which  could  affect  closing 
of  the  shellfish  beds  in  Greenwich  Bay,  both  during  and  after  a 
diversion. 

The  remainder  of  the  adverse  impacts  for  environmental  quality  would 
occur  during  the  construction  phases  for  any  of  the  structural  plans 
presented  in  the  system  of  accounts.  The  key  adverse  impacts  would 
be  felt  by  the  transportation  system  and  air  quality.  With  construc¬ 
tion  of  a  diversion  tunnel,  significant  truck  traffic  would  be 
evident  at  both  the  intake  and  outlet  structures.  Both  areas  are 
serviced  by  4-lane  highways  capable  of  handling  the  increased  truck 
traffic,  but  some  traffic  delays  and  congestion  would  be  probable. 

Plans  D,  E,  F,  H,  I  and  J  do  not  include  a  diversion  scheme.  Thus, 
no  degradation  to  marine  life  would  be  evident. 
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The  sites  of  the  local  protection  projects  are  serviced  by  major 
secondary  road  systems.  The  Elmwood  Avenue  area  is  primarily 
residential.  Altough  it  is  a  major  thoroughfare  (U.S.  Route  1),  the 
increased  traffic  could  pose  more  significant  problems  regarding 
safety  and  air  quality  levels.  The  noise  associated  with  this 
traffic  would  probably  exceed  Federal  standards  on  noise  levels  in 
urban  areas.  The  Warwick  Avenue  area  is  primarily  a  heavily 
developed  light  to  medium  industrial-commercial  area.  With 
construction  activities  in  the  latter  area,  it  would  be  possible  that 
some  local  merchants  might  lose  business  as  customers  would  prefer  to 
shop  in  a  congestion-free  environment. 

All  displayed  structural  alternatives  have  positive  impacts  under  the 
Social  Well-Being  account.  The  impacts  are  the  most  favorable  for 
Alternative  B  (30-foot  diameter  diversion  tunnel  and  the  two  Warwick 
Local  Protection  projects).  They  afford  the  highest  security 
possible  against  potential  flooding  although  significant  relocations 
would  be  required.  Alternatives  B  and  C  would  require  7  relocations, 
D-6,  A  and  G-l  H-approximately  10,  and  I  either  40  or  54.  Alterna¬ 
tive  J  would  require  extensive  relocations;  over  600  for  the  SPF 
level  of  protection  accounting  for  over  5700  jobs;  or  26  for  the  100 
year  protection  level,  or  a  loss  of  2500  jobs.  For  the  relocations 
required  for  Big  River  Reservoir  see  the  feasibility  report  for 
actual  numbers.  No  additional  relocations  would  be  required  for  the 
flood  control  storage  component. 

Although  construction  in  an  urban  area  is  normally  a  negative  social 
impact,  analysis  by  this  office  of  the  impacted  area  did  not  prove 
this  to  be  true.  The  people  and  establishments  adjacent  to  the  pro¬ 
posed  walls  and  dikes  are  subject  to  constant  flooding  and  hardships. 
They  generally  view  the  construction  activities,  i.e.,  the  increased 
noise,  traffic  etc.,  as  a  short  term  loss,  and  in  exchange  they  are 
gaining  a  lifetime  protection  against  the  flood  threats  which  have 
constantly  interfered  with  their  normal  operations. 

Under  the  Regional  Development  account,  all  structural  measures  would 
have  positive  impacts.  Construction  activities  would  produce  many 
new  jobs  and  increase  spending  in  the  area.  The  industrial  and 
commercial  establishments  along  the  river  would  be  afforded  a  high, 
if  not  complete,  degree  of  protection  against  flooding.  This  could 
induce  them  to  expand  their  operations.  As  they  expand,  more 
permanent  type  jobs  would  be  created.  All  of  the  anticipated  land 
growth  or  urban  factors  would  conform  with  the  proposed  land  use  and 
zoning  criteria  currently  available  from  the  affected  municipalities. 

It  is  to  be  reemphasized  that  the  impacts  mentioned  for  Big  River  are 
applicable  only  for  the  additional  flood  control  increment  of  about  3 
feet.  It  does  not  include  the  environmental  effects  of  its  major  use 
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-  water  supply.  The  complete  Impacts  of  the  entire  Big  River  multi¬ 
use  complex  are  contained  in  the  Draft  EIS  contained  in  the  Main 
Report. 


* 
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Plan  D  is  no  longer  feasible  because  of  unfavorable  foundation 
conditions  at  the  Elmwood  Avenue  site.  This  resulted  in  an  increase 
in  height  for  the  dike  sections,  the  addition  of  a  stabilization  berm 
and  a  different  method  for  controlling  interior  drainage.  The 
Warwick  Avenue  component  remains  basically  the  same.  This  plan  is 
included  in  the  analysis  as  it  was  the  compromise  alternative  thai: 
the  general  public  wanted  after  the  October  1977  public  meeting. 

Plan  H  contains  the  same  elements  as  Plan  D  with  the  exception  that 
Big  River  Reservoir  will  be  an  integral  portion  of  the  protection 
scheme  rather  than  a  future  action  measure  to  be  built  by  others. 

Big  River  Reservoir  is  a  component  of  Plans  H  and  I  (first  option) 
and  as  well  as  the  only  structural  element  of  Plan  E.  Thus  these 
three  plans  all  afford  the  same  level  of  flood  protection  to 
downstream  areas  that  do  not  receive  some  other  form  of  protection 
recommended  in  other  portions  of  the  respective  alternatives.  As 
such  they  would  all  have  the  same  positive  and  negative  impacts 
associated  with  Big  River. 

The  Warwick  Avenue  Local  Protection  Project  is  a  component  of  Plan  B, 
C,  D,  G,  H,  and  I,  all  at  the  SPF  level  of  protection.  For  the 
schemes  in  combination  with  the  Division,  a  slightly  lower  height  of 
wall  and  dike  would  be  possible.  Essentially  these  plans  all  feature 
the  same  environmental  quality,  social  well-being  and  r  gional 
development  effects. 

The  Elnwood  Avenue  Local  Protection  Project  is  a  component  of  Plans 
B,  C,  D,  and  H.  Because  of  subsequent  foundation  investigations  only 
the  design  considerations  of  Plan  H  are  accurate.  Plans  B  and  C  both 
contain  the  Natick  Diversion  which  is  publicly  unacceptable.  If 
either  of  these  plans  is  recommended  significant  design  modifications 
for  the  Elmwood  Avenue  portion  would  be  required,  and  this  would 
increase  the  costs  by  a  minimum  of  $3  million.  Plan  D  has  also  been 
eliminated  from  further  consideration. 

The  Norwood  Land  Bank  is  a  component  of  Plan  I  only.  As  such,  the 
Impacts  associated  with  it  are  unique  to  that  plan. 

Rationale  For  Designation  of  NED  Plan 


The  National  Economic  Development  account  reflects  increases  in  the 
nation's  productive  output,  an  output  which  is  partly  reflected  in  a 
national  product  and  income  accounting  framework  designed  to  measure 
the  continuing  flow  of  goods  and  services  into  direct  consumption  or 
investment. 
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The  system  plan  with  the  highest  net  NED  benefits  is  Plan  G  con¬ 
sisting  of  a  21-foot  diameter  Natick  diversion  tunnel  and  the  Warwick 
Avenue  T.ocal  Protection  project.  Also  considered  would  be  the  non- 
structural  elements  -  the  flood  plain  zoning  and/or  participation  in 
the  National  Flood  Insurance  Program  -  and  the  future  action  program 
-  the  addition  of  flood  control  storage  onto  the  Big  River  Water 
Supply  reservoir  to  be  built  by  non-Federal  interests.  As  such,  this 
alternative  is  called  the  NED  plan  and  provides  the  highest  denree  of 
protection  at  the  least  cost  to  the  largest  area. 

Rationale  For  Designation  of  EQ  Plan 

This  objective  reflects  society's  concern  and  emphasis  for  the 
natural  environment  and  its  maintenance  and  enhancement  as  a  source 
of  present  on  ’oyraent  and  a  heritage  for  future  generations.  The 
environment  is  enhanced  by  the  management,  conservation,  preserva¬ 
tion,  creation,  restoration,  or  improvement  of  the  quality  of  certain 
natural  and  rulturil  resources  and  oco’ogica1  systems  in  the  area  and 
the  rest  of  the  na  :ion. 

Enhancement  of  the  Norwood  (Belmont)  area  would  be  possible  if  the 
resultant  vacant  area  were  turned  in'-o  a  recreational  park  by  local 
interests.  As  this  plan  is  the  least  damaging  and  has  potential  for 
enhancing  the  environment  it  is  designated  as  the  EQ  Plan. 

The  plan  with  the  least  damaging  environmental  impacts  t^at  satisfied 
the  objectives  of  the  study  is  Plan  I.  Flood  control  st  rage  at  Big 
River  Reservoir,  the  Warwick  Avenue  Local  Protection  Project,  and  the 
Norwood  Land  Bank,  an  acquisition  program  lor  the  purchase  of  40 
homes.  For  the  purposes  of  this  attachment  the  impacts  ot  the  addi¬ 
tion  of  approximately  3  feet  of  height  to  the  proposed  Big  River 
Reservoir  dam  is  assumed  to  be  negligible.  Detailed  environmental 
impacts  are  evaluated  in  the  draft  EIS  accompanying  the  Big  River 
feasibility  report.  If  Big  River  Reservoir  is  found  to  have  signifi¬ 
cant  environmental  Impacts,  the  EQ  plan  would  then  be  Plan  I,  option 
2,  the  Warwick  Avenue  Local  Protection  Drojeot  and  the  Norwood  Land 
Bank,  an  acquisition  program  for  the  purchase  of  54  homes. 

Rationale  for  the  Selected  Plan 

Plans  involving  the  Natick  Diversion  were  rejected  due  to  a  lack  of 
public  support  from  out-of-basin,  non-floodplain  residents.  There¬ 
fore  Plans  A,  B,  C,  and  G  w^re  dismissed.  Plan  D  is  no  longer 
feasible  due  to  a  subsequent  foundations  analysis  justification  for 
the  Elmwood  Avenue  Local  Protection  measures.  Plan  E,  a  viable 
alternative,  has  limited  effectiveness  in  the  Warwick  Industrial  Park 
area,  and  does  not  provide  significant  flood  stage  reduction  in  the 
Norwood-Belnont  Park  residential  ares  adjacent  to  EJmwood  Avenue. 
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The  No  Action  plan.  Plan  F,  assumes  that  in  the  absence  of  Corps 
participation  local  interests  would  implement  successful  programs  for 
controlling  growth  within  the  flood  plains.  Also,  a  planning  objec¬ 
tive  of  the  study  is  to  provide  the  greatest  possible  degree  of  flood 
protection  to  the  largest  area.  Plan  F  was  therefore  rejected  since 
it  did  not  provide  protection  to  any  area.  Plan  H,  although 
justified  as  a  system,  does  not  have  the  last  added  increment  of 
protection,  the  Elmwood  Avenue  Local  Protection,  justified.  The  8/r 
ratio  is  less  than  0.5.  Ten  of  the  54  homes  that  receive  significant 
damages  at  a  hundred  year  event  would  have  to  be  relocated  because  of 
the  dike's  alignment.  Plan  J  is  not  .'.stifled  from  a  NED  standpoint. 
Implementation  of  this  alternative  could  cause  the  loss  of  about  6000 
jobs  and  have  other  potentially  devastating  regional  development 
effects. 

Table  IV-2  is  a  summary  of  the  10  alternative  plans  showing  their 
contribution  to  the  economic  and  environmental  objectives  in  addition 
to  the  social  well-being  and  regional  development  accounts.  Also 
tabulated  are  each  plan's  response  to  the  evaluation  criteria 
specified  in  ER  1105-2-250.  Federal  and  non-Federal  responsibilities 
required  to  implement  each  plan  are  also  given. 

Only  two  alternatives  are  acceptable.  Both  have  Big  River  Resc’' 'oir 
as  the  major  flood  control  measure  that  provides  a  degree  of  protec¬ 
tion  to  the  region  as  a  whole.  Throughout  the  cour  e  of  this  study 
there  has  been  strong  legislation  and  public  s.ippori  for  some  measure 
of  flood  protection  at  the  Elmwood  Avenue  (Norwood- P" i inont  Park) 
residential  area.  The  local  support  of  its  residents  has  beer  strong 
at  all  meetings  and  workshops.  Because  of  opposition  to  the  numerous 
plans  providing  structural  relief  to  these  residents  as  well  as  many 
other  flood-prone  properties  along  the  mainstem  Pawtuxet  by  out-of- 
basin  residents,  this  key  area  warrants  some  form  of  protection.  The 
local  protection  project  surrounding  this  area  alone  is  not  econom¬ 
ically  feasible.  However  an  acquisition  program  involving  the  most, 
flood-prone  homes  was  found  to  be  economically  feasible  and 
acceptable  to  the  local  citizens  in  lieu  of  the  local  protection 
project. 

Under  Option  1,  the  legislated  policy  contained  in  Section  73b 
of  the  1974  Water  Resources  Development  Act  states  that  "Where 
(nonstructural  alternatives)  .  .  .  are  recommended,  the  non-Federal 
participation  shall  be  comparable  to  that  for  the  structural  protec¬ 
tion  but  not  exceed  20  percent  of  the  project  costs."  The  estimated 
costs  for  the  non-Federal  share  of  the  structural  alternatives  to  the 
Norwood  Land  Bank  Is  In  excess  of  $600,000.  Table  V-l  illustrates 
the  cost  estimate  for  the  land  bank  concept.  Under  this  recommended 
plan.  It  has  been  determined  that  the  legislated  policy  is  applicable 
to  the  area  above  First  Avenue,  a  total  of  32  homes.  However,  due  to 
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TABLE  V-l 


Preliminary  Estimate  of  Real  Estate  Costs 
Norwood  Land  Bank 


Land  &  Improvements 

54  Improved  Properties 
Contingency  (20%  of  above) 


Relocation  Assistance  Costs 

36  Owner  Occupied  Units  @  $15,000 
18  Tenant  Occupied  Units  @  $4,000 

Acquistion  Costs 

54  Private  Ownerships  @  $3,000 


called 


For  40  structures,  the  assumed  costs  were  prorated,  with 
cost  equal  to  $1,780,000. 


$1,350,000 

$270,000 

$1,620,000 


$540,000 

$72,000 


$162,000 

$2,394,000 

$2,400,000 


the  final 
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the  urbanization  of  the  past  two  decades  in  areas  outside  the 
corporate  limits  of  Warwick,  increased  runoff  from  storm  events  has 
made  the  area  south  of  First  Avenue  more  vulnerable  to  flooding: 

Much  of  the  urbanization  was  due  to  the  construction  of  1-95  and  I- 
295.  To  work  out  a  cost  sharing  formula  for  20  percent  of  the 
remaining  8  homes  would  be  impractical  and  assurances  could  not  be 
guaranteed.  Hence,  the  Federal  Government  would  be  responsible  for 
these  assurances,  as  well  as  all  the  funds  required  for  the  uniform 
relocation  assistance. 

Detailed  c^sts  for  Big  River  are  shown  in  a  separate  feasiblity 
report  to  which  this  report  is  attached  .  At  the  present  time,  it  is 
assumed  that  the  allocated  flood  control  share  of  the  project  is 
approximately  $3,961,000.  Under  current  legislative  cost-sharing 
policy  the  Federal  share  of  the  flood  control  separable  costs  would 
be  100  percent,  which  is  $3,961,000.  The  current  administration  has 
proposed  several  changes  in  cost-sharing  for  Federal  water  resources 
projects.  These  changes  include  a  cash  contribution  from  benefiting 
States  of  5  percent  ($198,050)  of  the  first  costs  of  construction 
assigned  to  flood  control  and  an  additional  20  percent  ($792,200) 
non-Federal  contribution  which  may  or  may  not  be  a  cash  contribution. 

More  information  regarding  division  of  responsibilities  for  the 
proposed  multi-purpose  reservoir  project  will  be  presented  in  the  Big 
River  Reservoir  report. 

Plan  I,  the  Big  River  Reservoir  in  conjunction  with  *  Warwick 
Avenue  Local  Protection  and  the  Norwood  Land  Bank,  is  the  selected 
plan.  Although  the  Norwood  Land  Bank  element  requires  the  taking  of 
about  40  homes  under  this  option,  it  has  been  found  that  the  area 
residents  accept  the  plan  in  exchange  for  elimination  of  the  almost 
annual  flood  losses  they  have  suffered  in  the  past  resulting  from  the 
Pawtuxet  River  overtopping  its  banks.  After  the  homes  are  purchased 
and  razed  the  vacant  land  could  be  turned  into  a  park  system  by  local 
interests  with  significant  funding  possible  by  other  Federal 
agencies. 

Big  River  Reservoir  would  benefit  not  only  the  residents  of  the 
Pawtuxet  River  Basin  but  the  entire  State.  With  water  supply 
becoming  a  major  concern  in  Rhode  Island,  the  project  would  provide 
the  needed  supplement  in  addition  to  contributing  to  the  solution  of 
the  flooding  problems  on  the  Pawtuxet  River. 

In  view  of  the  lack  of  local  assurances  or  public  support  for  the 
Warwick  Avenue  Local  Protection  Project,  this  element  of  the  selected 
plan  is  not  recommended  for  construction.  Thus  the  recommended  plan 
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consists  of  the  addlton  of  flood  control  storage  at  the  proposed  Big 
River  Reservoir  (If  found  acceptable)  and  the  Norwood  Land  Bank.  The 
selected  plan  as  shown  on  plate  V-l. 


Should  the  Big  River  multi-use  Reservoir  Project  not  be  recommended 
for  construction,  it  is  advocated  that  the  second  option  for  the 
Norwood  Land  Bank  be  authorized.  This  option  would  call  for  the 
acquisition  of  54  homes  all  having  a  first  floor  elevation  below  the 
naturally  occurring  100  year  flood.  The  Warwick  Avenue  Protection 
Project  would  not  be  a  recommendation  under  this  option  either.  The 
two  options  for  the  Norwood  Land  Bank  are  shown  on  plate  V-2. 

Thus  the  final  costs  for  the  recommended  plan  are  as  follows. 

May  1980  Price  Levels  for  the  Norwood  Land  Bank 
7-1/8  percent  Interest  rate 

First  Cost  Annual  Charge  Benefits 


OPTION  1 


Big  River  Flood  Control1 2 

3,930,000 

500,000 

725,000 

Norwood  Land  Bank 

1,770,000 

112, 0003 

126,500 

(40  homes  to  be  acquired) 

5,700,000 

612,000 

851,500 

OPTION  2 

Norwood  Land  Bank 

2,400,000 

152, 0003 

170,600 

(54  homes  to  acquired) 


1  -  See  separate  feasibility  report  for  current  costs  and  benefits. 

2  -  Excludes  future  benefits  all  attributable  to  Big  River  from  1990- 

2090  as  the  Warwick  Avenue  Protection  Project  is  not  recommended 
for  construction. 

3  -  Excludes  relocation  assistance  costs. 

The  total  cost  sharing  requirements  under  these  options  for  both  the 
legislated  and  the  President's  proposed  cost  sharing  are  shown  on 
Table  V-2  and  V-3  respectively. 
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TABLE  V-2 

LEGISLATED  COST  SHARING  REQUIREMENTS  OF  THE  RECOMMENDED  PLAN 

OPTION  I 


Federal  Share  3,930,000 

100%  Big  River  Flood  Control  1,136,000 

80%  32  Norwood  Homes  354,000 

100%  8  Norwood  Homes  5,420,000 

Non-Federal  Share 

20%  32  Norwood  Homes  280,000 


Total  Cost  5,700,000 


OPTION  2 


Federal  Share 

80%  32  Norwood  Homes 

1 00%  22  Norwood  Homes 


Non-Federal  Share 

20%  32  Norwood  Homes 


1,136,000 

984,000 

2,120,000 

280,000 

Total  Cost  27400,000 
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TABLE  V-3 

PROPOSED  COST  SHARING  REQUIREMENTS  OF  THE  RECOMMENDED  PLAN 

OPTION  1 


Federal  Share 

752  Big  River  Flood  Control  2,950,000 

752  32  Norwood  Homes  1,065,000 

952  8  Norwood  Homes  337 ,000 

4,352,000 

State  Share 

25%  Big  River  Flood  Control  980,000 

52  40  Norwood  Homes  88,000 

1,068,000 

Other  Non-Federal  (Local)  Share  280,000 

302  32  Norwood  Homes  _ 

Total  Cost  5,700,000 


OPTION  2 


Federal  Share 

752  32  Norwood  Homes  1,065,000 

952  22  Norwood  Homes  935,000 

2,000,000 

State  Share 

52  54  Norwood  Homes  120,000 

Other  Non-Federal  (Local)  Share  280,000 

202  32  Norwood  Homes  _ 

Total  Cost  2,400,000 
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CONCLUSIONS 


The  purpose  of  this  report  is  to  develop  a  plan,  acceptable  to  the 
local  interests,  that  would  alleviate  the  flooding  and  associated 
water  resource  problems  in  the  Pawtuxet  River  Basin.  The  report  is 
submitted  in  partial  compliance  with  seven  Congressional  resolutions 
combined  under  one  resolution  adopted  by  the  Committee  on  Public 
Works  of  the  United  States  Senate. 

Ten  alternatives,  involving  various  combinations  of  flood  control 
measures,  have  been  presented  in  this  report.  Four  of  these  alterna¬ 
tives  include  the  Natick  Diversion  Tunnel,  six  include  the  Warwick 
Avenue  Local  Protection  Project,  and  four  include  the  Elmwood  Avenue 
Local  Protection  Project.  Big  River  Reservoir,  with  flood  control 
storage,  has  been  included  in  four  alternatives  and  the  Norwood  Land 
Bank  in  one.  A  No  Action  Program  and  a  Non-Structural  Plan  are  two 
of  the  ten  alternatives  presented.  Nine  of  the  ten  alternatives  are 
effective  in  significantly  reducing  flooding  and  flood  losses  in  the 
Pawtuxet  River  Basin. 

Numerous  meetings  concerning  the  PNB  study  have  been  held  with 
Federal,  State  and  local  agencies  since  the  initiation  of  the  PNB 
study.  On  3  March  1979,  a  workshop  meeting  was  held  in  Warwick. 

Rhode  Island  to  formally  announce  plans  for  the  Norwood  Land  Bank 
proposal,  an  acquisition  program  calling  for  at  that  time  32  homes, 
all  located  north  of  First  Avenue.  As  a  result  of  this  and  subse¬ 
quent  meetings  with  Norwood  residents,  a  high  degree  of  public 
acceptance  was  evident.  An  acquisition  plan  involving  the  now  40  to 
54  homes  depending  upon  conditions  has  been  advocated. 

All  plans'  involving  the  Natick  Diversion  Tunnel  were  publically 
unacceptable,  although  highly  effectively  in  reducing  flood  damages. 
The  opposition  to  these  proposals  was  mainly  from  out  of  basin 
residents  in  the  area  of  the  proposed  outlet  works  in  Apponaug 
Cove.  This  was  chiefly  due  to  the  potential  for  detrimental  affects 
to  marine  life  in  the  Cove  and  Greenwich  Bay  during  a  diversion  of 
floodwaters.  Plan  D,  the  orginally  formulated  wall  and  dike  system 
protecting  the  Warwick  Industrial  Park  and  the  Norwood  residential 
area,  is  no  longer  viable  due  to  subsequent  detailed  foundation  and 
hydrologic  analyses.  Plan  E  flood  control  storage  at  Big  River 
Reservoir  has  been  the  subject  of  a  separate  feasibility  study. 

Costs  for  the  reservoir  as  shown  in  this  report  are  based  on  cost 
updates  of  architect/engineer  estimates  prepared  from  reports 
previously  submitted  to  the  Rhode  Island  Water  Resources  Board. 
Overall  the  flood  protection  provided  by  this  plan  is  not  as 
effective  as  the  Natick  Diversion  plans.  Although  't  does  provide  a 
high  percentage  reduction  in  losses  at  the  Warwick  Industrial  Park 
and  the  Norwood  Residential  area,  it  is  not  comparable  tc  the 
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protection  afforded  by  a  local  protection  project.  The  Environmental 
Impacts  of  Big  River  Reservoir  have  been  thoroughly  discussed  in  the 
separate  feasiblity  report. 

Plan  H,  the  reevaluated  Warwick  Avenue  (Warwick  Industrial  Park)  and 
Elmwood  Avenue  (Norwood  Residential  area)  local  Protection  Projects 
and  the  Big  River  Reservoir  proposal,  although  having  a  benefit-to- 
cost  ratio  in  excess  of  unity  is  not  incrementally  justified  with  the 
Elmwood  Avenue  portion  of  the  protection  project,  although  socially 
and  environmentally  acceptable. 

The  primarily  non-structural  alternative  Pirn  J  has  a  significantly 
lower  than  unity  benefit-to-cost  ratio.  Although  portions  of  the 
floodplain  could  be  reverted  back  to  a  green  belt,  making  this  plan 
environmentally  acceptable  the  social  impacts  of  losing  employment 
opportunities  at  all  of  the  relocated  facilities  totalling  well  over 
2000  jobs  is  not  acceptable.  The  summary  system  of  accounts  Table 
VI-1  presents  all  significant  impacts  and  evaluations  for  all  ten 
plans. 

I  have  reviewed  and  evaluated  in  depth  in  view  of  the  overall  public 
interest,  all  documents  concerning  the  proposed  action  and  the  stated 
views  of  the  general  public.  For  the  reasons  outlined  above  and 
throughout  this  report  and  supporting  appendices,  I  recommend  that 
the  compromise  alternative.  Plan  I  consisting  of  construction  of  the 
multi-use  Big  River  Reservoir,  the  Norwood  Land  Bank  proposal  and  the 
Warwick  Avenue  Local  Protection  Project  be  authorized.  However, 
because  of  the  lack  of  the  local  support  from  the  public  and  indica¬ 
tions  that  the  city  of  Warwick  could  not  be  able  to  cost-share  in  the 
protection  project  construction,  I  do  not  recommend  construction  of 
the  Warwick  Avenue  Local  Protection  Works. 
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3UI88AH  ‘  A  6 1. 1 


a.  plan  description 


I.  IMPACT  ASSESSMENT 
NED  Objective: 


EASE  CONDITION  19/9 


Significant  receat  flooding  along  the  30  DIimici  Natick  Dlvaialon 

trlbutarlc*  and  atluiti,  especially  at  (ha 
Warwick  Avenue  and  E 1  stood  Avenue  areas. 

Considerable  developin'  mil  occurilng  naar 
the  1 00-year  flood  plain  and  throughout  tha 
baa  la. 


10  Olaaa'tl  Natick  Diversion  with 
Warwick  Avenue  Local  Pro*  ec’ lor.  and 
L 1  wood  Avanua  Local  Pro*  at 'lor.. 


a)  Loaaaa  would  continue  along  tributaries  and 
aaloataa  and  because  of  urbanisation  will 
raault  la  higher  annual  damages. 

b)  Property  value  a  of  flood-prone  horns*  and 
ochar  atructurea  will  not  appreciate. 


Project  benefits 
Annual  Chargss 


$*.0*2.000 

$*.630,000 

0.87 


Project  benefit*  $$.000,000 
Annual  Charges  $$.$$2,000 
8/C  0.90 


Project  bene  I  1 1  •  S*,MlJ 
Annual  Charges  i*,Mljl 
8/C  14H 


SUl  Account : 


KD  Account : 


C.  PLAN  EVALUATION 

t.  Contributions  to  Planning 
Objectives. 


Net  Affects: 


3.  Plan  Response  to  Associated 
Evaluation  Criteria: 


Acceptabl l Icy 
Co^tlrteneas 


a)  Flooding  will  contribute  to  water  quality 
degradation,  eapectatly  at  the  Warwick  and 
West  Warwick  sewage  t  raatsmi  plants  and 
fro*  septic  tank  failures  In  flood-prone 
locations. 

b)  Floodplain  encroachment  in  aany  areas  is 
reducing  aaouot  and  variety  of  natural 
vegetal  loo  and  wildlife. 

c)  because  of  constant  flooding  aesthetic 
values  of  basin  will  diminish. 


a)  Undetermined  amount  of  las' 
Capitol  due  (o  reduction  In 
shall  fishing  during  diversion 
of  utter. 

b)  Reduction  in  damages,  Eones  *  -B 
of  701. 


aj  Stst  as  Plan  A-a. 

b)  Reduction  In  damages.  Zones  *-8 
of  871. 


a)  Psrpetual  threat  of  flooding. 

b)  Numerous  Norwood  families  must  be  evacuated 
when  flooding  occurs. 

c)  Lav  real  estate  values  In  flood-prone 
neighborhoods. 


a)  Air  pollution  and  noise 
pollution  will  inerssse  during 
construct  ion. 

b)  Increased  collform  counts  In 
Apponaug  Cave  and  Creenwlch  bay. 

c)  Reduced  salinity  during 
discharges  In  Apponaug  Cove  and 
Greenwich  lay  may  cause 

worts llty  to  some  aquatic 
species. 

d)  Intake  and  outlet  structures 
depart  fros  natural  riverine 
state. 

e)  Disposal  of  rock  spoil. 


a)  8.81  Unemployment  rate  consistently  higher 
than  the  national  average. 

b)  Underutilization  of  available  Industrial  and 
commercial  floor  space  due  to  threat  of 
Inundation. 

c)  Threat  of.  and  actual,  flooding  has  caused 
several  large  employers  to  cess*  opcrstlons 
resulting  In  some  loss  of  Jobs. 


s)  Incressed  sense  of  security. 

b)  Stigma  of  tunnel  easements. 

c)  Undetermined  amount  of 
ahellflshlog  days  lost  could 
cause  some  unemployment. 

d)  Incressed  traffic  at 
construction  sits. 

*)  Relocation  of  one  home. 


s)  Elimination  of  oibow  at  Warwick 
Aveoue  will  result  In  loss  of 
6.1  acres  of  Pawtuset 
Reservation  currently  supporting 
some  wildlife  and  vegetarion. 


a)  Same  as  Plan  A. 

b)  Relocation  of  7  hornet. 

c)  Loss  of  a  portion  of  Pawtuxec 
Reservation. 

d)  Question  of  ownership  for  the 
newly  crest  ad  land  at  the 
Warwick  Local  Protection 
Project. 

e)  Increased  sense  af  security  for 
the  residents  of  the  Belmont 
Park  ares. 


Same  as  Plan  A-a.  J 
Reduct  ion  in  damages,  MM 
of  831.  § 


Plan  8 


as  Plan  8 


N/A 


N/A 


N/A 


a)  Incressed  protection  could  *11  cw 
for  better  utilisation  of 
existing  floor  space. 
b>  Increased  employment  for  skilled 
and  unskilled  workers  during 
construction. 

c)  Protection  project  could  spur 
new  economic  activity. 


s)  Industrial  Psrk  could  house  more 
similar  type  industries  without 
significant  site  location 
problems. 


Same  as  Plan  8 


a)  Provides  high  degree  ol 

protection  to  lower  mainstream 
reaches. 


a)  Provides  SPF  level  of  protection 
to  Warwick  and  ElMtood  sites. 

b)  High  degree  of  protection 
afforded  to  lower  mainstream 


a)  Provides  SPF  level  of  M 
to  Warwick  and  Elmwood  M 

b)  Slightly  lower  degree  s t  I 

protection  to  me Inst rmm*  j 
reaches.  } 


Affected  ownerships  reduced  from 
*71  to  266  for  a  100-yesr  flood. 
Reduced  fros  18$0  to  939  for  *n 
SPF  event. 


e)  Affected  ownership  reAiced  from 
*71  to  1*8  for  a  100-year  flood, 
b)  Reduced  from  1836  to  7$3  for  an 
SPF  event. 


Same  as  Plan  8 


No  No 

Tes  Tea 


Effective  and  efficient  but 
pollution  standard*  may  be 
compromised. 


a)  Effective  and  efficient  but  most  a)  Less  effective  than  Pimm  ■ 
costly.  1 


Certainty 


Low 


Low 


Geographic  Scope 

Re  vers  1  bl  1  Uy 
Stabl  llty 

A.  Rankings  of  Plans 
NED 
EQ 
SWB 


N/A 


Flood  waters  are  transferred  out  of 
Psvtuket  Basin. 

No 

Low 


Sam* 


as  Plan  A 


no 


Low 


Same  as  Plan  A 

No 

High  I 


RD 

D.  If»LEME!CTAT10N  RESPONSIBILITIES 
(Present  Legislation) 


N/A 


Otverslon  -  Regional  Protection  - 
All  costs,  maintenance  and 
operation,  and  land*  -  lOOt  Federal. 


Diversion  -  See  Plan  A;  Local 
Protection  Project  -  City  of  Warwick 
provides  lands,  damages,  Oift  costs; 
Construction  cost*  -  100*  Federal. 


Same  as  Plan  8 


•Although  Plan  T  has  the  greatest.  BCR,  Plan  C  provides  the  greatest  benefits  to  the  greatest  number  of  people  and  Is  therefore  the  N»T>  Plan. 
••A*  Plan  J  Is  too  unreeltsttc.  Plan  I  Is  the  EQ  Plan. 
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n»u  1 1  : 

JOmARJ  TABU 


i 


X)  DlMtUr  Mattch  Diversion  . 
Warwick  A vests  local  Protection 
Elnroud  Avenue  Local  Protect  loi 


2T  Blaster  Natick  Dlv.reion  wit 
Warwick  Avetaie  Local  Protection  a 
Elawood  Avenue  Local  'rot act  loo. 


Project  Banal  Ita 

Animal  Charges 

»/C 


$J.  tWO.  000 
JJ.JJ2.OOQ 
0.90 


Project  Banal  lea  J4.JoJ.000 
Annual  Charges  $4,260,000 
B/C  1.0  5 


Project  Banal  lta 
Annual  Charges 

B/C 


$: .4 jo.ouu 
Jl . 160.000 
I.2J 


Project  Banal  lta  J72J.UUO 
Animal  chat  |<i  J4J2.00O 

B/C  1.60 


a)  Sans  aa  Plan  A-a- 

b)  ka<kuc t L on  in  l«it|<l.  Zonaa  4-1 
ol  #71, 


a)  Sana  aa  Plan  A-a. 
bl  Reduction  la  daneges.  t onai  4-0 
ol  BJX. 


a)  Local  Protact  Ion  Projacta 
leer  ease  flood  stages  on 
opposite  banka  and  upstream 

araaa. 

b)  Kaductlon  In  danagea.  Zonaa  4-8 
ol  40X. 


a)  Kaductlon  In  damage* ,  Zonaa  4-0 
ol  )6Z. 


•  )  El  initial  ion  of  oxbow  at  Warwick 
|  Avenue  will  raault  ln  loaa  of 

I  6.1  acraa  ol  Pawtuxet 

!  Reservation  currently  supporting 

L  so«  wlldllla  and  vegetation. 


Plan  B 


Sana 


P  tan  B 


a)  Additional  0.20  aq.  nl.  will  6a 
Inundated  at  reservoir  au«. 

b)  Construction  period  will 
lncrsasa  slightly. 


a)  Sana  aa  Plan  A.  Sana  aa  Plan  8  a)  Relocation  of  6  honaa. 

b)  Ra location  of  2  hon*». 

c)  Loaa  of  a  portion  of  Pawtuxet 
Reservation. 

d)  t>isstlon  of  ownership  for  tha 
nawly  craatad  land  at  tha 
Warwtck  Local  Protactlon 
Project. 

e)  Increased  senaa  of  security  for 
tha  raaldanta  of  th*  Relnont 
Park  araa. 


a)  Increased  acme  of  ascurlty. 

b)  Slight  increase  In  traffic. 

c)  No  addle  lone)  land  taken  or 
relocation  nacaaaary. 


p  •)  Industrial  Park  could  houaa  nore  Sane  aa  Plan  B  Sana  aa  Plan  B  Sane  «e  Plan  B 

r  alnllar  type  Industries  without 

[  significant  alts  location 

■  problena. 


a)  Provide*  SPP  level  of  protection 
to  Warwick  and  Elnvood  altas. 

b)  High  degree  of  protection 
afforded  to  lower  eelnstreaa 
reaches. 

a)  Affected  ownership  reduced  fron 
471  to  140  for  a  100-year  flood. 

b)  Reduced  fron  ISJ6  to  7J3  for  an 
SPP  event. 

No 

Yea 


•)  Effective  and  efficient  but  nost 
coat ly. 


a)  Provides  SPP  level  Of  protection 
to  Warwick  and  El»»ood  areas. 

b)  Slightly  lower  degree  of 
protactlon  to  aalnstreaa 

Sane  as  Plan  B 


No 

Tea 


a)  Less  effective  than  Plan  B. 


a)  SPP  level  of  protection  at 
Warwick  and  Elwood  areas. 


a)  Protection  for  ISO  ownership*  at 
100-year  level. 

b)  Protection  to  6S0  at  SPP. 


Yes 

Yea 


a)  Plan  aa  originally  presented  is 
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t.  l»ACT  ASSESSMENT 
NED  Objective: 


SWg  Account: 


EASE  CONDITION  1979 


pun  r 


Significant  racant  flooding  along  the 
trlbucarlaa  and  maloatea,  especially  at  the 
Warwick  Avenue  and  Elmtood  Avenue  arses. 
Conaldc rablt  development  etill  occurring  near 
the  100-year  flood  plain  and  throughout  the 
basin. 


21'  Diameter  Natick  Diversion  and 
Warwick  Avenue  Local  Protection 
Project. 


Big  liver  leaervolr  and  Warwick 
Avenue  and  El  wood  Avenue  Local 
Protection  Projecta. 


a)  Loaaes  would  continue  along  tributaries  and 
aalnates  and  because  of  urbanisation  will 
result  In  higher  annual  denagee. 

b)  Property  values  of  f lood-prooe  horn  and 
othsr  atmctursa  will  not  appreciate. 


a)  Losses  would  continue  along  the 
tributaries  and  nelnates. 

b)  Participation  in  National  Flood 
Insurance  Program. 


Project  Benefits  $4. JOS, 000 
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B/C  l  .Og 

a)  Sane  aa  Plan  A 

b)  Reduction  In  dasaged  In  Zones  4- 
8  of  601. 


a)  Flooding  will  contribute  to  water  quality  No 
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West  Warwick  sewage  treatment  plants  snd 
froa  saptlc  tank  failures  In  flood-prone 
locations. 

b)  Floodplain  encroachment  In  asny  areas  la 
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c)  Beceuse  of  constent  flooding  aesthetic 
values  of  hssin  will  diminish. 


a)  Perpetual  threat  of  flooding. 

b)  Himroui  Norwood  families  suet  be  evacuated 
when  flooding  occurs. 

c)  Low  real  estate  values  in  flood-prone 
neighborhoods. 


s)  Flood  threat  remains. 

b)  Real  estate  t ranaact  Iona  of 
floodplain  property  would  be 
•ore  difficult. 

c)  Reduced  property  values. 
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aa  Plan  A 
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of  84Z. 


Same 


as  Plan  0 


a)  Increased  sense  of  security.  a) 

b)  Increased  traffic  near  b) 

construction  site.  c) 

c)  Relocation  of  6  home*. 


KD  Account: 
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useable  floor  space. 
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Mnti  Ion  and 
1  Protection 
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b)  Baduction  In  daangaa.  Zonal  *-S 
of  #41. 
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b)  Local  protection  project 
construction  costa  -  100X 
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of  Warwick). 
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ENVIRONMENTAL  IMPACT  STATEMENT 


♦ 


The  draft  EIS  for  the  Pawtuxet  River  Interim  Flood  Control  Report  was 
released  on  29  June  1976.  The  preferred  plan  presented  in  the  DEIS  to 
provide  flood  control  was  a  combination  of  the  Natick  Diversion  and 
dikes  at  the  Warwick  Avenue  Industrial  Park  and  at  the  Elmwood  Avenue 
residential  area.  Also  proposed  was  flood  control  storage  at  the  Big 
River  Reservoir  if  that  project  was  ever  built.  During  the  public 
comment  period  and  subsequent  public  meetings,  heavy  opposition  was 
developed  particularly  to  the  Natick  Diversion.  The  concern  was  that 
the  Diversion  although  providing  near  complete  flood  control  would 
have  serious  impacts  upon  the  commercial  shellfishing  at  the  flood 
water  outlet  area  in  Greenwich  Bay.  Consequently,  local  interests 
and  political  figures  voiced  considerable  opposition  to  the  proposal. 
Therefore,  due  to  lack  of  local  support,  further  consideration  of  any 
diversion  scheme  would  not  be  recommended. 

Without  the  Diversion  the  two  dikes  would  have  to  be  built  to  a  larger 
scale.  In  subsequent  planning  and  coordination  with  local  interests, 
no  local  sponsor  came  forth  for  the  Warwick  Avenue  Dike.  Consequently 
although  economically  feasible,  the  project  is  not  recommended , 

Review  of  the  Elmwood  Avenue  flooding  area  indicates  that  there  is 
adequate  justification  for  acquisition  of  properties  affected  by  the 
100  year  flood.  Through  public  involvement  activities  with  local  inter¬ 
ests,  both  those  whose  homes  would  be  bought  and  local  officials,  it  has 
been  determined  that  this  proposal  is  preferred  and  is  recommended  as  a 
measure  to  eliminate  flood  damage.  There  are  no  significant  impacts 
related  with  this  proposal. 

The  original  DEIS  allowed  for  the  various  decisions  as  now  presented  to 
be  developed.  The  final  proposal  although  not  resulting  in  the  flood 
reduction  as  originally  desired  does  result  in  a  plan  with  local  support 
and  lesser  impacts  to  the  environment.  Therefore,  it  is  planned  to  incor¬ 
porate  the  refined  plan  into  the  final  EIS  and  address  in  general  the 
comnents  received  in  the  open  comment  period  and  the  public  involvement 
activity  which  has  taken  place  since  that  time,  resulting  in  the  new 
preferred  plan.  It  is  not  considered  necessary  to  supplement  the  DEIS 
inasmuch  as  no  important  or  significant  impacts  are  related  with  the  new 
proposal.  The  proposed  final  Environmental  Impact  Statement  follows. 
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PREFACE 


The  Draft  EIS  for  the  Pawtuxet  River  Watershed  Report  was 
issued  in  September,  1976.  At  tha.:  time  one  element  in  the  selected 
plan  included  diverting  water  from  the  Pawtuxet  River  through  a 
tunnel  (Natick  Diversion)  to  Apponaag  Cove.  Great  opposition  to 
this  one  element  was  voiced  at  a  public  meeting  on  October  18,  1975, 
primarily  because  of  the  cost  involved  and  the  potentia]  adverse 
impact  to  the  marine  environment  Apponaug  Cove.  The  Corps, 
though,  was  still  asked  to  continue  with  the  study  by  evaluating 
other  alternatives  in  greater  detail. 

Alternative  D,  consisting  of  the  Warwick  Local  Protection 
Project  and  the  Future  Action  of  the  Big  River  Reservoir,  was  given 
support  by  the  public  at  the  late-stage  public  meeting  in  May,  1977. 
After  detailed  hydrological  analysis  it  was  determined  that  the  dike 
system  at  Elmwood  Avenue  (Norwood)  and  Warwick  Avenue  would  have  to 
be  raised  three  feet  to  provide  for  Standard  Project  Flood  (S.P.F.) 
protection.  The  biggest  area  of  concern  was  in  the  Norwood  sectior 
of  Warwick.  The  cost  to  raise  the  dike  to  a  higher  elevation  proved 
to  be  not  economically  feasible.  Another  alternative  that  was  then 
developed  was  to  buy  the  homes  in  the  flood  prone  area  (Norwood  Land 
Bank).  This  plan  was  discussed  with  local  officials  and  residents 
at  a  workshop  meeting  on  March  3,  1979. 

To  summarize,  the  survey  process  for  the  Pawtuxet  PA  <’er 
Watershed  Report  has  resulted  in  the  following  selectc '  plan  (the 
entire  survey  process  is  described  in  Section  6): 

1.  Warwick  Avenue  Local  Protection  Project 

2.  Norwood  Land  Bank 

3.  Flood  Control  Storage  at  the  Big  River  Reservoir 

However,  due  to  the  lack  of  a  local  sponsor  the  Warwick  Local 
Protection  Project  element  of  the  selected  plan  cannot  be 
recommended  for  Federal  implementation. 


1.00  PROJECT  DESCRIPTION 


1.01  Name  and  Location.  The  Pawtuxet  River  watershed  (Figure 
1-1)  lies  In  the  central  portion  of  Rhode  Island.  It  Is  flanked  by 
four  major  watersheds:  the  Blackstone  and  Woonasquatucket  River 
Basins  to  the  north,  the  local  drainage  to  Narragansett  Bay  to  the 
southeast,  the  Pawcatuck  River  Basin  to  the  southwest,  and  the 
Thames  River  Basin  to  the  west.  The  Pawtuxet  River  is  formed  by  the 
junction  of  its  two  principal  tributaries,  the  North  and  South 
Branches,  at  Riverpoint  in  the  town  of  West  Warwick.  It  flows 
generally  to  the  east  and  empties  into  Pawtuxet  Cove  on  the 
Providence  River  in  the  upper  reach  of  Narragansett  Bay. 

1.02  Objective.  The  primary  objective  of  the  Pawtuxet  River 
Watershed  Study  is  to  formulate  a  well-balanced  flood  management 
program. 

1.03  Authority.  Ttie  study  is  in  partial  compliance  with  seven 
Congressional  resolutions  combined  under  one  resolve  adopted  by  the 
Committees  on  Public  Works  of  the  United  States  Senate  and  the  House 
of  Representatives.  These  resolutions  authorized  the  Pawcatuck 
River  and  Narragansett  Bay  Drainage  Basins  (PNB)  Study,  which  in¬ 
cludes  the  Pawtuxet  River  Basin.  Three  resolutions  pertained  to  the 
Pawtuxet  River  Basin.  Two  resolutions,  one  adopted  29  March  19^3 
and  the  other  10  July  1968,  requested  review  of  the  Narragansett  Bay 
volume  of  the  New  England  -  New  York  Inter-Agency  Committee 
(NENYIAC)  report.  The  third  resolution,  adopted  2  February  1970, 
requested  whether  improvements  for  flood  control  and  other  purposes 
were  warranted  along  the  Pawtuxet  River,  Pocasset  River,  and 
Meshanticut  Brook  in  the  vicinity  of  Cranston. 

1.04  Dimensions  and  Purposes  of  the  Selected  Plan.  To  satisfy 
the  objectives  of  the  study,  a  plan  has  been  selected  which  entails 
a  combination  of  regulatory  and  corrective  measures  involving  both 
nonstructural  and  structural  components.  The  selected  plan,  Plan  I, 
is  shown  on  Figure  1-2. 

1.05  A  non-structural  corrective  measure  proposed  is  the 
Norwood  Land  Bank.  It  provides  for  the  eventual  purchase  of  40 
homes  at  fair  market  value  plus  relocation  assistance  by  the  time 
the  structural  elements  of  selected  plan  are  operable. 

1.06  Regulatory  measures  would  include  items  such  as  local 
participation  in  the  National  Flood  Insurance  Program  and  a  Future 
Action  Program  involving  reservoir  management.  The  structural 
elements  in  the  selected  plan  would  be  the  Warwick  Avenue  Local 
Protection  Project  and  the  Big  River  Reservoir. 
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1.07  The  Warwick  Ave  Local  Protection  Project.  The  project 
would  provide  relief  against  riverine  and  tidal  flooding  to  the  low- 
lying  Warwick  Avenue  area  along  the  south  bank  of  the  lower  Pawtuxet 
River.  This  plan  is  shown  in  Figure  1-3.  It  would  consist  of  3400 
feet  of  dikes,  2400  feet  of  concrete  walls,  channel  realignment  and 
appurtenant  structures  which  would  completely  protect  more  than  450 
homes,  businesses,  and  industrial  establishments. 

1.08  The  Big  River  Reservoir.  This  component  of  the  struc¬ 
tural  plan,  located  in  the  towns  of  Coventry  and  West  Greenwich, 
would  provide  for  flood  control  storage  equivalent  to  six  inches  of 
runoff  over  a  drainage  area  of  about  30  square  miles.  As  presently 
planned  it  would  be  accomplished  by  increasing  the  height  of  the 
State  proposed  water  supply  dam  by  approximately  3.0  feet.  It  is 
shown  in  Figure  1-4.  This  report  will  only  address  the  additional 
3.0  feet  for  flood  control  and  not  the  entire  cons r. ruction  and 
associated  impacts  relating  to  the  water  supply  portion  of  the 
reservoir.  Big  River  Reservoir  will  benefit  not  only  the  residents 
of  Pawtuxet  Basin  but  the  entire  State.  With  water  supply  becoming 
a  major  concern  in  Rhode  Island,  Big  River  will  provide  the  needed 
supplement  in  addition  to  contributing  to  the  solution  of  the 
flooding  problems  on  the  Pawtuxet  River.  A  separate  feasibility 
study  for  the  reservoir,  including  an  EIS,  is  part  of  this  report. 

1.09  However,  due  to  the  lack  of  local  assurances  or  public 
support  for  the  Warwick  Avenue  Local  Protection  Project,  this 
element  of  the  selected  plan  is  not  recommended  for  construction. 
Thus,  the  recommended  plan  consists  of  the  addition  of  flood  control 
storage  at  the  proposed  Big  River  Reservoir  (if  found  economically 
and  environmentally  acceptable)  and  the  Norwood  Land  Bank.  The 
Norwood  Land  Bank  would  consist  of  the  outright  purchase  of  40  homes 
under  this  option.  However,  if  Big  River  Reservoir  is  found  not  to 
be  feasible,  it  is  recommended  that  the  acquisition  plan  be  expanded 
to  50  homes,  all  having  a  first  floor  elevation  below  the  100-year 
f lood. 


1.10  Project  Economics.  The  total  first  cost  is  estimated  at 
$12,825,000  Federal  and  $4,275,000  non-Federal.  The  estimated 
average  annual  cost  is  $1,315,000.  The  total  average  annual 
benefits  are  described  in  detail  in  Appendix  7  of  the  Technical 
Appendices  to  the  Main  Report.  These  figures  are  based  on  December 
1978  price  levels.  An  interest  rate  of  6-7/8  percent  and  a  project 
life  of  100  years  were  used  in  these  estimates.  With  average  annual 
benefits  and  costs  of  $2,058,000  and  $1,315,000  respectively,  the 
benefit  to  cost  ratio  of  the  selected  plan  is  1.56  to  1. 
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2.00  ENVIRONMENTAL  SETTING  WITHOUT  THE  PROJECT 


2.01  General.  Baseline  conditions  have  been  organized  into 
three  sections  -  physical  setting,  natural  setting,  and  human 
setting.*  The  physical  setting  covers  the  physical  geography  of  the 
Pawtuxet  River  and  its  drainage  basin.  The  natural  setting 
describes  plant  and  animal  life  in  the  area,  and  the  human  setting 
portion  includes  the  area's  socia1  and  economic  conditions. 

Existing  environmental  conditions  ar  described  at  either  a  regional 
level  or  a  local  site-specific  level,  -ending  on  which  is  more 
appropriate. 

2.02  The  Physical  Setting,  drainage  Banin  Description.  The 
230-square  mile  Pawtuxet  River  Basin  is  located  in  central  Rhode 
Island  (Figure  I-l).  The  river  originates  in  the  hilly  uplands 
between  Rhode  Island  and  Connecticut  and  flows  easterly  to  its  mouth 
at  Pawtuxet  Cove  in  Narragansett  Bay.  The  watershed  contains 
numerous  swamps,  a  few  natural  lakes  and  many  ponds  and  reser¬ 
voirs.  Elevations  in  the  watershed  range  from  10  feet  above  sea 
level  in  the  lower  reaches  to  as  high  as  800  feet  at  the  western 
divide. 

2.03  The  main  stem  of  the  Pawtuxet  River  begins  at  the  junc¬ 
tion  of  the  North  and  South  Branches  at  Riverpoinf:  in  the  town  cf 
West  Warwick.  From  there  the  river  flows  generally  northeast  for 
approximately  11  miles  to  Pawtuxet  Cove.  The  North  Branch  of  the 
Pawtuxet  River  originates  at  Scituate  Reservoir,  a  major  source  of 
water  for  Providence.  Gainer  Memorial  Dam  (formerly  Kent  Dam)  im¬ 
pounds  the  Monwansicut  and  Ponaganset  Rivers  to  form  this  reser¬ 
voir.  The  South  Branch  of  the  Pawtuxet  River  originates  at  Fiat 
River  Reservoir.  From  there  the  river  flows  generally  northeast  for 
9.0  miles  until  it  joins  the  North  Branch  at  riverpoint. 

2.04  The  Scituate  Reservoir  is  the  largest  in  the  Pawtuxet 
Basin.  This  reservoir  and  five  smaller  upstream  reservoirs  are  an 
integral  part  of  the  water  supply  system  for  Providence  and  the 
surrounding  area. 

2.05  The  second  largest  impoundment  in  the  basin  is  the  Flat 
River  Reservoir,  located  on  the  South  Branch.  It  was  built  and  is 
operated  by  the  Quidnick  Reservoir  Company  along  with  two  small 
reservoirs,  Quidnick  and  Tioque.  These  reservoirs  are  used  to 
maintain  flow  in  the  South  Branch.  There  are  numerous  other  small 
reservoirs  and  dams  in  the  basin,  most  of  which  were  originally  used 
by  textile  mills. 

2.06  Although  these  reservoirs  are  not  operated  specifically 
for  flood  control,  they  can  have  a  significant  beneficial  effect  if 
the  dams  are  only  partially  full  when  flooding  occurs.  For  example, 
Scituate  Reservoir  helped  to  reduce  the  March  1968  flood. 
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2.07  Weather  and  Climate-  The  Pawtuxet  River  Basin  has 
variable  weather  conditions  th*;v.  include  frequent  but  generally 
short  periods  of  heavy  precipitation.  The  basin  lies  ir.  the  path  of 
the  prevailing  westerly  wind?  which  bring  cyclonic  storms  from  the 
west  or  southwest  toward  the  east  or  northeast,  respectively.  The 
area  is  also  exposed  to  occasional  coastal  and  tropical  storms  that 
travel  up  the  Atlantic  seaboard. 

2.08  Temperature.  The  average  annual  temperature  in  the 
Pawtuxet  River  Basin  is  about  50°F  with  ext.  .mes  ranging  from  highs 
of  100°F  to  lows  of  -15°F.  Freezing  temperatures  may  be  expected 
from  the  latter  part  of  October  until  the  middle  of  April. 

2.09  Precipitation.  The  mean  annual  precipitation  over  the 
Pawtuxet  River  Basin  is  about  45  inches  and  occurs  almost  uniformly 
throughout  the  year.  However,  extremes  in  monthly  rainfall  have 
occurred  from  a  high  of  more  than  12  inches  to  less  then  n 
inches.  The  average  annual  snowfall  over  the  fcaain  is  .  1.  t  40 
inches,  occurring  from  December  through  iarcl .  luc  i:i,  the 
moderating  effect  of  Narragansett  Bay,  snow  cover  usually  melts 
quickly. 

2.10  Tides.  High  tides  associated  with  coastal  storms  can 
produce  flooding  in  the  lower  elevations  of  the  Pawtuxet  River 
Basin.  The  most  serious  tidal  flooding  is  generally  associated  with 
hurricanes.  Recent  records  show  one  tide  of  15.7  feet  ir  September 
1938  and  another  of  14.7  feet  in  August  1954.  It  is  estimated  that 
under  some  conditions  the  tide  level  in  Narragansett  Bay  could  cause 
increases  in  river  stage  4.4  miles  above  the  mouth  of  the  river. 

2.11  Project  Impact  Areas.  The  basins's  coastal  lowland  is 
covered  mostly  by  an  outwash  plain  of  sorted  sand  and  local  deposits 
of  coarse  gravel.  The  Pawtuxet  River  downstream  of  Natick  is 
bordered  by  a  flood  plain  deposit  of  alluvium  consisting  of  fine  to 
medium  sand,  in  places  interbedded  with  gravel. 

2.12  The  Warwick  Avenue  Local  Protection  project  would  be 
located  on  the  flood  plain  deposits  of  the  Pawtuxet  River.  The 
selected  site  for  the  protective  works  have  not  previously  been  used 
as  a  source  of  commercial  sand  and  gravel. 

2.13  Groundwater.  Groundwater  storage  underlying  the  Pawtuxet 
River  Basin  occurs  chiefly  in  bedrock  or  unconsolidated  glacial 
drift  which  overlies  bedrock.  The  bedrock  consists  of  a  variety  of 
metamorphlc  and  igneous  rocks.  Water  in  these  rocks  is  present  in 
fractures  and  joints.  Wells  drilled  into  bedrock  are  generally 
reliable  for  small  quantities  of  water,  but  only  a  few  wells  yield 
large  quantities  of  water. 
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2.14  Water  Quality.  The  Pawtuxet  River  is  ore  of  the  most 
polluted  in  Rhode  Island.  Water  quality  in  the  basin  ranges  from 
Class  A  (suitable  for  domestic  water  supply)  at  Scituate  Reservoir 
and  the  Big  River,  Class  B  (suitable  for  domestic  water  supply  with 
appropriate  treatment  and  for  swimming)  at  Flat  River  Reservoir  and 
the  upper  reaches  of  the  North  and  South  Branches,  Class  C  (suitable 
for  fish  and  wildlife  habitat  and  boating)  for  most  of  the  main 
stem.  While  at  times  conformation  to  these  classifications  varies 
they  remain  long  term  goals  as  established  in  1977  by  the  Rhode 
Island  Department  of  Health.  A  map  shewing  these  water  quality 
classifications  is  presented  in  Figure  II-l.  Although  the  environ¬ 
mental  objective  of  the  Federal  Water  Pollution  Control  Act  amend¬ 
ments  of  1972  is  to  attain  a  miniunm  of  Class  B  waters  everywhere, 
economic  and  technologic  limitations  could  preclude  such  attainme nt 
in  the  lower  Pawtuxet  River  Basin. 

2.15  Water  quality  degradation  within  the  bs’-in  can  be 

attributed  to  both  rural  and  urban  problems.  »  oral  prol  lei  • 

along  the  upper  reaches  of  the  North  and  South  "'ranches  can  he 
attributed  to  the  lack  of  municipal  treatment  facilities.  In¬ 
adequate  subsurface  disposal  units,  incomplete  onsite  treatment  of 
industrial  wastes  and  frequent  occurrence  of  low  flew  cond'. ‘jc- 
contribute  at  times  to  high  pollutional  loadings. 

2.16  The  urban  problems,  along  the  lower  re* eh or  c  the  North 
and  South  Branches  and  along  the  main  stem,  are  c.  »  -  ^  by  or ban  run¬ 
off  and  the  effluents  from  these  three  municipal  treatment  facil¬ 
ities  and  several  industrial  and  State  institution*'.  treatment 
facilities.  Although  all  facilities  provide  the  equivalent  of  sec¬ 
ondary  treatment,  significant  pollutional  loadings  remain  in  the 
discharges  that  further  degrade  the  already  impaired  water  quality 
caused  by  the  upstream  conditions.  In  addition,  dams  along  the 
South  Branch  and  the  main  stem  cause  sluggish  flows  and  sedimen¬ 
tation  of  settleable  solids,  including  organic  wastes,  thereby 
reducing  dissolved  oxygen  levels. 

2.17  There  are  four  basic  future  needs  within  the  basin:  1) 
provision  of  the  proposed  regional  treatment  facility  in  Coventry, 
expansion  and  or  modification  of  the  existing  Warwick,  West  Warwick, 
and  Cranston  treatment  facilities;  2)  addition  of  more  sophisticated 
treatment  components  at  existing  treatment  plants  to  remove  any 
objectionable  parameters;  3)  expansion  of  existing  treatment 
facilities  as  needed  to  handle  future  growth,  and  4)  resolution  of 
the  existing  problem  of  insufficient  low  flows  throughout  the  lower 
basin.  Some  of  these  needs  may  not  be  possible  to  resolve. 

2.18  Water  quality  sampling  is  conducted  on  a  periodic  basis 
by  the  Rhode  Island  Department  of  Health.  Water  quality  data  in 
association  with  related  projects  for  the  basin  has  been  collected 
by  the  Corps  of  Engineers  together  with  the  Federal  Environmental 
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Protection  Agency  (EPA)  for  two  stations  on  the  main  stem  and  one 
station  each  on  the  North  and  South  Branches.  Water  sampling  began 
in  September  1975  and  continued  on  a  monthly  basis  to  April  1976. 

The  results  are  presented  in  Table  XI-1.  On  the  main  stem,  Station 
1  is  located  at  the  Broad  Street  Bridge  near  the  mouth  of  the 
Pawtuxet  River,  and  Station  2  at  the  Providence  Street  Bridge  (Route 
33)  in  West  Warwick  -  Warwick  just  upstream  of  the  Natick  Dam. 
Station  3  is  located  along  the  South  Branch  at  the  Providence  Street 
Bridge  in  West  Warwick,  just  upstream  from  the  confluence  with  the 
North  Branch.  Station  4  is  located  along  the  North  Branch  at  the 
Main  Street  Bridge  in  West  Warwick. 

2.19  Existing  Wastewater  Treatment  Facilities.  Three  major 
secondary  sanitary  systems  in  the  Pawtuxet  Basin  collect  and  treat 
wastewater.  They  are  the  Cranston,  Warwick  and  West  Warwick 
systems,  serving  those  communities,  respectively. 

2.20  The  Cranston  plant  is  located  on  the  Pawtuxet  Ri-re1'  at 
about  river  mile  4.5.  It  is  virtually  floodproof  for  all  conditions 
except  for  events  greater  than  the  100-year  event,  though  some 
modifications  of  the  pumps  may  be  necessary  to  operate  properly 
under  high  water  conditions.  Sludge  produced  in  the  plant  is 
currently  stored  on  land  near  the  edge  of  the  river,  where  it  would 
be  inundated  by  flood  flows.  A  100-year  flood  is  one  having  a  one- 
percent  chance  of  occurrence  in  any  given  year.  It  is  based  on 
statistical  analysis  of  streamflow  records  available  for  the 
watershed  and  analyses  of  rainfall  and  runoff  characteristics  in  the 
watershed  and  nearby  region. 

2.21  The  Warwick  wastewater  treatment  plant  is  located  on  the 
Pawtuxet  River  at  river  mile  5.5.  Major  portions  of  the  treatment 
facilities  would  be  subject  to  flooding  during  the  100-year  event. 

2.22  The  West  Warwick  sewage  treatment  plant  is  located  on  the 
Pawtuxet  River  at  river  mile  9.1.  Its  secondary  treatment 
facilities  would  be  flooded  by  the  25-year  flood  under  future 
hydrologic  conditions.  Sludge  from  the  plant  is  currently  stored  on 
land  near  the  edge  of  the  river  and  can  be  affected  by  river 
flows.  Several  other  treatment  facilities  are  currently  provided  by 
industrial  firms  in  the  basin  such  as  the  American  Hoescht 
Corporation,  Falvey  Linen  Supply  and  Ciba  Geigy. 

2.23  Expected  Flooding  Without  the  Project.  Without  flood 
protection  considerable  damage  would  occur  along  the  lower  Pawtuxet 
River,  particularly  in  commercial  and  industrial  areas.  The  March 
1968  flood,  which  is  considered  to  be  less  than  a  15-year  event, 
caused  considerable  damage.  Since  then,  new  development  has  taken 
place  and  a  similar  flow  would  cause  even  greater  damage  now. 


2-4 


TABLE  II-l 


WATER  QUALITY  SAMPLING  Si 
(September  1975-March  1971 


STATION  1 _  STATION  2 


Minimum 

Maxim  vim 

Minimum 

Maximum 

jje 

Average  Daily  Flow  (cfs) 

137 

679 

- 

■  -  . 

Water  Temperature  (°C) 

3.0 

18.5 

3.  0 

18.  5 

pH  (units)  (neutrality  =  7.0) 

5.7 

7.  6 

5.  3 

7.  7 

Total  Coliform 
(bacteria/100  ml) 

1,700 

92, 000 

2,400 

240, 000 

Fecal  Coliform  (bacteria/100  ml) 

170 

54, 000 

490 

34, 000 

Ammonia -Nitrogen  Demand 
(mg/1) 

0.  10 

2.  00 

0.  05 

0.  80 

Dissolved  Oxygen  (D.  Q. )  (mg/1) 

7.0 

14.0 

7.0 

14.0 

Biochemical  Oxygen  Demand  - 
5  Day  (B.  O.  D.  5)  (mg/1) 

2.  0 

12.8 

1.8 

29.  8 

Chemical  Oxygen  Demand 
(C.  O.  D. )  (mg/1) 

16 

37 

9 

58 

Total  Nonfilterable  Residue 
(mg/1) 

1 

9 

2 

27 

Volatile  Nonfilterable  Residue 
(mg/1) 

1 

6 

1 

4 

*  At  U.  S.  G.  S.  Gage  in  Cranston 


Station  Locations:  Station  I  -  Pawtuxet  River  at  Broad  Street,  Cranston. 

Station  2  -  Pawtuxet  River  at  Providence  Street,  West  Warwick 
Station  3  -  South  Branch  Pawtuxet  River  at  Route  33,  West  Warwick. 
Station  4  -  North  Branch  Pawtuxet  River  at  Route  115,  West  Warwick. 
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E  II-l 

AMPLING  STATIONS 
5-March  1976) 


r 2 

STATION 

3 

STATION  4 

f  Maximum 

Minimum 

Maximum 

Minimum 

Maximum 

'  . 

18.  5 

3.0 

19.0 

3.0 

18.  0 

7.7 

5.2 

7.  5 

6.  0 

7.  6 

140,  000 

9,  200 

350,000 

400 

160, 000 

34, 000 

620 

160,000 

140 

13,000 

0.80 

0.05 

0.70 

0.05 

0.  90 

14.0 

6.  6 

16.0 

8.  1 

14.  0 

29.8 

3.  9 

16.2 

1.  6 

5.  1 

58 

27 

46 

5 

34 

27 

2 

10 

1 

10 

4 

1 

6 

1 

6 
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2.24  In  future  years  increasing  development  in  the  watershed 
can  be  expected  to  increase  flooding  in  two  ways.  Additional 
pavements  and  rooftops  will  cause  more  water  to  run  into  the  river 
instead  of  into  the  ground.  Also,  the  destruction  of  the  natural 
areas  and  wetlands  that  act  as  storage  areas  for  precipitation,  will 
increase  the  speed  of  the  runoff. 

2.25  In  the  Warwick.  Industrial  Park  and  the  Geigy  area 
riverine  flooding  of  a  100-year  frequency  would  create  flood  stages 
ranging  from  14.0  feet  near  ITT  Hammel  Dahl  and  15.8  feet  on  the 
downstream  side  of  Warwick  Avenue  to  19.8  feet  upstream  of  the 
pedestrian  bridge  at  Ciba  Geigy.  These  elevations  are  based  upon 
1970  hydrologic  conditions  and  are  relative  to  mean  sea  level 
(msl).  This  flooding  would  produce  water  depths  of  one  to  four  fe°t 
above  most  first  floor  elevations  throughout  the  entire  industrial 
park  area.  Greater  depths  of  four  to  six  feet  above  first  floor 
elevations  would  affect  areas  near  the  Ciba  Geigy  Chemical  Works. 

For  the  same  reference  points  under  future  conditions,  we  would  have 
elevations  of  15.0,  16.7  and  21.0  feet,  respectively. 

2.26  Flood  stages  for  a  standard  project  flood  would  range 
from  21.5  to  22.6  to  26-6  at  the  above  points,  respectively,  under 
1970  hydrologic  conditions.  This  would  cause  flood  stages 
approximately  seven  feet  above  these  for  the  100-year  event.  T'-der 
future  conditions  at  the  same  points,  flood  stages  of  approximately 
23.3,  24.6  and  27.8  feet,  respectively,  would  result.  This 
corresponds  to  depths  of  water  above  the  first  floor  slabs  ranging 
from  maximums  of  10  feet  in  Sealol  to  14  feet  in  some  of  Geigy's 
buildings. 

2.27  The  Natural  Setting.  General.  The  section  covers  the 
natural  ecology  of  the  project  area  and  discusses  plant  and  animal 
life  likely  to  be  affected  by  the  proposed  project. 

2.28  Warwick  Avenue  Area.  Along  the  river  in  the  Warwick 
Avenue  industrial  area,  topography,  soils  and  drainage  patterns  have 
combined  to  produce  a  complex  of  sites  that  are  occupied  by  small 
basins  of  freshwater  marsh,  wooded  swamps  and  the  plants  associated 
with  a  flood  plain  community. 

2.29  The  freshwater  marshes  contain  dense  stands  of  tussock 
grass  and  cattail  in  standing  water.  The  domination  of  these  two 
plants  and  the  lack  of  open  water  reduces  the  diversity  of  the  plant 
community.  However,  the  marshes  are  being  invaded  by  red  maple 
seedlings,  and  ultimately  these  marshes  will  become  wooded  swamps 
through  the  natural  process  of  plant  succession. 

2.30  Vegetation  Communities.  The  vegetation  in  the  Warwick 
Industrial  Park  area  is  limited,  consisting  of  swamp  forest  in  the 
riverside  locations  with  successions!  types  scattered  throughout. 


2-5 


1  1 

l  AD-A10S  823  CORPS  OF  ENGINEERS  WALTHAM  MA 

1  BIG  RIVER  RESERVOIR  PROJECT  - 

1  JUL  81 

1  UNCI  ASSTFTFn 

MEW  ENGLAND  DIV 
PAWCATUCK  RIVER  AND 

F/G  13/2 

NARPAGANSETT  — ETC(U 

Ml 

1 

I 

3  op  9 

lp'8t 3 

■ 

' 

•: 

m 

■ _ 

Some  of  the  successional  plants  have  appeared  after  flooding  or 
natural  channel  cutting,  while  others  took  hold  because  of  man's  use 
of  the  land.  Those  species  present  are  silver  maple,  slippery  elm, 
red  maple,  red  ash,  aspen  and  swamp  white  oak  with  high  bush 
blueberry,  sweet  pepper  bush,  arrowwood,  green  briar,  sheep  laurel, 
dogwood,  alder  and  willow  forming  a  dense  understory.  Various 
grasses  and  sedges  along  with  ferns  and  mosses  form  the  ground 
cover.  Groups  of  skunk  cabbage  and  cowslips  are  also  present. 

2.31  Common  mammals  using  the  wetlands  along  the  river  are  the 
starnosed  mole,  muskrat,  racoon,  opossum,  little  brown  bat, 
cottontail  rabbit,  chipmunk,  gray  squirrel,  flying  squirrel,  Norway 
rat  and  skunk.  Mink,  otter  and  red  fox  may  also  pass  through  the 
area. 


2.32  Many  species  of  ducks,  including  the  wood  duck,  black 
duck,  mallard  and  teal,  use  the  sedge-cattail  rr‘o as  as  fell  an  the 
river  flood  plains.  Killdoer  and  snipe  a  :e  visitors  to  the  ma~she'?. 
Flickers  and  downy  and  hairy  woodpeckers  are  common  throughout  the 
swamp  woodlands  along  with  blue  jays,  crows,  chickadees,  nuthatches 
and  other  creepers.  Many  species  nest  throughout  the  wetlands  while 
others  are  visitors  on  a  seasonal  basis. 

2.33  On  the  Cranston  side  of  the  river,  opposite  the  Indus¬ 
trial  Park,  is  a  sizeable  forested  flood  plain  called  the  Pawtuxet 
Reservation.  A  State-owned  property,  it  is  the  largest  green  space 
in  either  Warwick  and  Cranston.  The  plant  species  present  here  are 
similar  to  those  on  the  Warwick  side,  but  they  are  more  extensive 
and  probably  contain  a  wider  variety  of  plant  materials. 

2.34  Big  River  Reservoir  Area.  The  vegetation  communities  of 
the  study  area  are  diverse,  and  include  pure  stands  of  hardwoods  and 
conifers.  Wetland  vegetation  types  appear  widely  distributed 
throughout  the  area  and  consist  mainly  of  swamp  forest,  fresh  marsh, 
and  shrub  swamp.  There  are  no  extensive  agricultural  lands  present 
in  the  study  area. 

2.35  The  dominance  of  coniferous  vegetation  is  the  most 
striking  natural  feature  of  the  study  area.  Fully  75  percent  of  the 
area  contains  conifers,  either  in  pure  or  mixed  association.  The 
predominant  species  are  white  pine  and  pitch  pine.  Lowland  forests 
are  dominated  by  red  maple,  swamp  white  oak,  elm  and  red  ash.  The 
swamps  contain  dense  stands  of  highbush  blueberry,  spice  bush,  sweet 
pepper  bush,  swamp  azalea  and  witch  hazel. 

2.36  Dense  aggregations  of  herbaceous  plants  are  present  in 
the  lowland  forests  and  include  skunk  cabbage,  sphagnum  moss, 
interrupted  fern,  wood  ferns  of  various  types  and  royal  fern. 
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2.37  The  study  area  contains  varied  wildlife  habitats 
including  forest,  succession'.  ’  lands ,  farm  fields,  W'-t  lands,  pond' 
and  streams. 

2.38  Common  mammals  include  white-tailed  deer,  red  end  gray 
fox,  various  shrews  anc  bats,  along  with  cottontail  rabbits, 
snowshoe  hare  and  such  rodents  as  the  chipmunk,  woodchuck,  and  red, 
gray  and  flying  squirrels-  The  mouse  and  raole  populations  form  a 
food  basis  for  predators. 

2.39  A  number  of  valuable  i ur-beai ing  mammals  are  also  common 
to  the  study  area.  They  include  racoon,  long-tailed  weasel, 
muskrat,  mink,  otter  and  possib.lv  the  bobcat. 

2.40  The  variety  of  habitats  in  the  study  area  is  also  attrac¬ 
tive  to  various  bird  species,  and  the  extensive  conifer  vegetation 
provides  food  and  shelter  for  nuim  r  kjs  song  birds  that  occupy  all 
strata  of  the  forest.  Some  species,  such  as  the  crossbill,  feed 
extensively  on  seeds  of  conifers  and  may  use  these  areas  as 
wintering  grounds. 

2.41  Birds  of  the  area  include  the  red-tailed  hawk,  marsh 
hawk,  sparrow  hawk,  ruffed  grouse;,  hob-white  qu'il,  ring-n'eked 
pheasant,  morning  dove,  cuckoos,  great-horned  owl .  goer,  ftkers, 
swifts,  hummingbirds,  various  flycatchers,  woodpecker.'-  and 
swallows.  The  blue  jay,  crow,  chickadees,  nuthatches,  creepers  and 
thrushes  are  common.  During  the  spring  and  fall  migrations,  large 
numbers  of  woodland  warblers  are  present  including  the  black  and 
white,  bluewinged,  Tennessee,  parula,  yellow,  magnolea  and  Cape  May 
as  well  as  the  myrtle  chestnut-sided  ovenbird-  Large  numbers  of 
black  birds,  sparrows  and  various  finches  use  the  area  and  breeding 
population  of  the  scarlet  tanager  and  cardinal  are  also  present. 

2.42  The  streams,  ponds,  swanps  and  marshes  of  the  area 
contain  a  wide  variety  of  aquatic  birds  and  mammals.  Waterfowl 
species  such  as  the  mallard,  black  duck,  wood  duck  and  blue-winged 
teal  breed  in  the  area,  and  during  the  migratory  season  they  are 
joined  by  Canada  geese,  green  winged  teal,  pidgeon,  shovelers  and 
ring-necked  ducks.  Wading  birds  such  as  the  great-blue  heron, 
bittern,  egret  and  black  crowned  night  heron  are  present  along  with 
various  shore  birds,  rails  and  coots. 

2.43  The  Human  Setting. 

2.44  General.  The  description  of  the  human  setting  addresses 
population  trends,  land  use  and  economic  development  in  the  study 
area.  It  also  includes  social  and  cultural  characteristics  as  well 
as  recreation,  histori c/archaeologic  and  aesthetic  considerations. 
Transportation  facilities  and  the  related  noise  and  air  quality  are 
also  addressed. 
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2.45  Population  Trends.  Within  the  five  municipalities  in  the 
project  impact  area  (Cranston,  Warwick,  West  Warwick,  Coventry  and 
West  Greenwich)  population  increased  during  the  1960-1970  period 
from  172,116  to  205,253-  Population  trends  and  projections  were 
compiled  by  RISWPA,  the  Corps  and  by  OBERS.  The  OBERS  population 
projection  for  this  area  (excluding  West  Greenwich)  for  1990  is 
260,400,  for  an  average  annual  growth  rate  of  1.2  percent.  This 
compares  with  the  Planning  Agency  estimate  of  250,700,  at  a  growth 
rate  of  1-05  percent. 

2.46  Long-range  projections  by  OBERS  for  the  year  2020  show  an 
increase  in  this  area  to  368,100,  indicating  an  average  annual 
growth  rate  of  1-2  percent.  The  Corps  of  Engineers  has  forecast  a 
population  of  313,875  for  that  year,  an  annual  growth  rate  of  0.75 
percent. 

2.47  Coventry.  The  population  of  Coventry  grew  from  15,432  to 
22,947  during  the  1960-1970  period,  an  average  annual  growth  rate  of 
almost  four  times  that  of  the  State  uf  Rhode  Island.  The  RISWPA 
estimate  of  the  1990  population  for  Coventry  is  32,100,  while  the 
OBERS  projection  is  41,000.  Both  estimates  show  that  Coventry's 
population  will  continue  to  grow,  primarily  because  of  immigration, 
but  at  a  decreasing  rate. 

2.48  Warwick.  With  a  population  increase  of  15,190  in  the 
1960's  and  an  annual  growth  rate  of  1.1  percent  during  that  period, 
Warwick  remains  the  second  largest  city  in  Rhode  Island.  Its  growth 
rate  is  double  the  State's  as  a  whole.  RISWPA  and  OBERS  projections 
for  the  year  1990  estimate  Warwick's  population  at  105,900  and 
113,300,  respectively.  It  is  assumed  that  Warwick's  population  will 
grow  at  a  decreasing  rate  and  may  approach  the  State's  rate  over  the 
long  term. 

2.49  Cranston.  Cranston's  population  grew  from  66,766  to 
74,287,  an  annual  growth  rate  of  1.1  percent,  between  1960  and 
1970.  Projections  for  1990  show  a  decrease  in  the  average  annual 
growth  rate  of  0.15  percent  and  0.8  percent  for  OBERS  and  the 
RISWPA,  respectively.  Projections  for  the  year  2020  show  a  drop  in 
the  growth  rate  to  0.75  (Corps  of  Engineers)  and  a  negative  rate  of  . 
-0-3  (OBERS).  Cranston's  growth  rate  is  expected  to  decrease  below 
the  State's  growth  rate. 


*0BERS:  projections  compiled  for  the  Water  Resources  Council  by  the 
Bureau  of  Economic  Analysis  of  the  Dept,  of  Commerce  and  the 
Economic  Research  Service  of  the  Department  of  Agriculture. 

RISWPA:  Rhode  Island  Statewide  Planning  Agency 
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2.50  West  Warwick.  The  town  of  West  Warwick  grew  at  an 
average  annual  rate  of  0.75  percent  between  1950  and  1960  and  at  a 
1.3  percent  rate  between  1360  .ind  1970.  The  town's  growth  rate  ':s 
expected  to  remain  constant  or  decline  slightly. 

2.51  West  Greenwich.  The  population  of  West  Greenwich  grew 
from  1,169  to  1,841  between  1960  and  1970,  for  an  average  annual 
growth  rate  of  4.7  percent.  The  08ERS  projections  for  the  popula¬ 
tion  of  West  Greenwich  show  3,600  residents  in  1990  and  9,300  in 
2020,  for  annual  average  growth  rates  of  3.4  and  3.2,  respectively. 
The  statistics  indicate  that  West  Grec  wich  is  a  steadily  developing 
small  town. 


2.52  Economic  Development  In  order  to  effectively  analyze  the 
economic  impact  of  the  project  on  the  Pawtuxet  River  area,  it  is 
necessary  to  view  the  study  area  in  a  regional  and  historic  context. 

2.53  During  the  m.id-20th  century,  there  was  a  trend  away  from 
manufacturing  toward  a  more  diversified  economic  base  stressing 
general  service  industries.  During  1950-1958,  Rhode  Island's 
economy  experienced  a  substantial  decline,  culminating  in  the  loss 
of  26,000  jobs  in  the  1958  recession.  From  1958  to  1964,  the  annual 
growth  rate  in  service-producing  industries^almost  doubled  and  the 
State  gained  an  average  of  3,500  jobs/year.  This  upsurge,  though, 
was  not  enough  to  offset  the  continuing  loss  of  manufacturing 

jobs.  Despite  excellent  location  and  transportation  factors,  older 
industries  have  declined  without  corresponding  gains  in  service 
sectors. 

2.54  Future  Trends.  Economic  activity  in  the  Providence- 
Pawtuxet-Warwick  subarea  is  expected  to  decline  despite  the  shifts 
in  employment  and  the  diversification  of  Rhode  Island's  economy. 

2.55  Warwick  According  to  the  Rhode  Island  Department  of 
Employment  Security  (DES),  the  largest  employment  categories  in 
Warwick  in  1972  were  manufacturing,  wholesale  and  retail  trade,  and 
service  industries. 

2.56  Present  trends  indicate  a  strong  upsurge  in  wholesaling, 
retailing  and  the  service  sector.  Local  strip  commercial  develop¬ 
ment,  shopping  malls  and  discount  stores  have  succeeded  in  capturing 
an  increasingly  larger  share  of  the  Warwick  trade  market.  In  1958, 
Warwick  received  only  10  percent  of  its  own  trade  market,  as 


*Community  Renewal  Program,  Warwick  Planning  Department, 
Warwick,  RI,  p.  4 
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compared  with  42  percent  in  I970^gnd  an  estimated  63  percent  by 
1980  .  A  1975  "Warwick  Profile"  shows  that  Warwick,  currently  has 
a  diverse  industrial/commercial  base. 

2.57  Projected  trends  indicate  continued  increases  in  the 
service  sector  and  stabilization  in  manufacturing,  with  growth  over 
the  next  10  years  about  equalling  the  1960-70  increase. 

2.58  In  the  Warwick  Industrial  Park  which  would  be  protected 

by  the  proposed  local  protection  works,  there  were  people 

employed  in  1971  at  an  annual  payroll  of  $.  ,700,000. 

2.59  Cranston.  Cranston's  economic  trends  and  developments  re 
similar  to  the  city  of  Warwick's.  According  to  Corps  figures, 
Cranston's  annual  civilian  labor  force  growth  rate  for  1960-1970 
period.  The  employment  in  goods-produclng  industries  in  Cranston 
has  decreased  from  43.5  percent  to  3.5  percent,  while  employment  in 
services  producing  industries  increased  from  56.5  percent  to  62.5 
percent.  This  trend  is  expected  to  contim  e  for  a  few  years  and 
then  level  off. 

2.60  West  Warwick  and  Coventi^.  Trends  indicate  that  the 
growth  rates  of  these  two  towns  are  decreasing.  As  in  Cranston  and 
Warwick,  employment  in  service  industries  displaced  employment  in 
goods-producing  industries  between  1960  aid  1970.  In  Coventry, 
manufacturing  employment  decreased  from  5 >.7  percent  to  48.5 
percent,  while  service  employment  increased  from  44.7  to  51.5 
percent.  In  West  Warwick,  goods-producing  employment  decreased  55.7 
percent  to  47.0  percent,  while  service  employment  increased  from 
44.7  to  53.0  percent.  Trends  in  this  direction  are  expected  to 
continue  through  the  next  decade  and  then  level  off. 

2.61  Shellfishing  Industry.  Although  specific  employment  data 
for  the  shellfishing  industry  is  unavailable,  selected  statistics 
indicate  its  importance  to  the  local  economy.  The  Rhode  Island 


Community  Renewal  Program,  Warwick  Planning  Department,  Warwick, 

Si*  P4 

Community  Renewal  Program,  Warwick  Planning  Department,  Warwick, 
RI,  p.  11 

1971  Corps  Report,  p.  10 

A  AAA 

Unpublished  statistics  prepared  by  the  New  England  Division  of 
tee  Corps  of  Engineers 
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Agricultural  Experiment  Station  has  estimated  that  local  shell- 
fishing  is  a  million-dollar  a  year  industry#  A  Corps  report  states 
that  in  1972  the  amount  of  shellfish  handled  in  Apponaug  Cove^and 
Greenwich  Bay  by  ship  totalled  16  and  560  tons,  respectively. 

Jtit 

2.62  Social  and  Cultural  Characteristics.  A  recent  survey 
of  the  two  most  potentially  affected  project  impact  towns,  Warwick 
and  Cranston,  indicates  the  presence  of  a  strong  sense  of  community. 

2.63  Warwick  residents  are  fond  of  their  city  and  most  feel 
deep  loyalties  to  it.  Important  widely  held  values  include  the 
ability  to  maintain  a  suburban  lifestyle,  home  ownerships,  a  good 
education  system,  participation  in  religious  and  civic  organizat ions 
and  proximity  to  the  seacoast.  Flood  control  and  flood  plain  coding 
were  frequently  cited  as  important  local  issues,  although  coas  al 
flooding  appears  to  be  a  greater  concern  than  riverine/ flooding. 

2.64  Residents  of  Cranston  are  also  proud  of  their  city  arc 
they  frequently  expressed  the  hope  that  it  "stays  the  way  it  is.” 
Important  local  values  are  similar  to  those  held  by  Warwick 
residents.  Flood  control  and  flood  plain  zoning  were  not  major 
concerns  for  most  residents  interviewed,  although  several  said  that 
flooding  was  a  problem. 

2.65  Recreation  Resources.  Within  the  primary  project  area 
are  several  public  recreation  areas  and  several  wetlands  and 
environmental  preservation  areas.  While  only  a  few  of  these  provide 
facilities  for  active  recreational  pursuits,  others  offer  potential 
for  passive  recreational  pursuits,  others  offer  potential  for 
passive  recreational  uses  and  contribute  important  environmental, 
ecological,  and  visual  amenities.  The  lower  section  of  the  Pawtuxet 
River  offers  important  visual  amenities,  although  its  polluted  state 
makes  it  unsuitable  for  water  contact  activities. 

2.66  Recreational  opportunities  in  the  project  area  are 
limited  to  ball  fields  located  within  the  Pawtuxet  Reservation  (Fay 
Memorial  Field)  and  at  State  Route  2  where  it  crosses  the  river 
(Natick  Field).  Of  the  remaining  lands  offering  recreational 
potential,  nearly  all  are  either  wetlands  generally  unsuitable  for 
development  or  areas  specifically  designated  for  environmental 
preservation.  These  include  the  Pawtuxet  Reservation,  the  Pawtuxet 


Waterborne  Commerce  of  the  United  States  1972,  Part  I:  Waterways 
and  Harbors  for  the  Atlantic  Coast,  U.S.  Department  of  the  Army, 
Corps  of  Engineers 

**Unpublished  study  conducted  in  1974  by  the  Corps  of  Engineers. 


2-11 


River  Reservation  (and  wetlands  Immediately  upstream),  and  a  State 
conservation  strip  (adjacent  to  Howard  Industrial  Park),  all  of 
which  are  located  on  the  Cranston  side  of  the  Pawtuxet  River.  Roger 
Williams  Park,  the  only  large  park  in  the  area,  is  beyond  the 
primary  project  sites  and  would  not  be  affected  by  the  project. 

2.67  Historic  and  Archaeological  Resources.  At  the  time  that 
the  Natick  Diversion  was  under  consideration,  (1976)  coordination 
was  performed  with  the  Rhode  Island  Historic  Preservation 
Commission.  No  significant  resources  with?n  the  proposed  project 
area  were  identified  at  that  time. 

2.68  Potential  impact  of  flood  control  capacity  within  the 
proposed  Big  River  Reservoir  is  currently  being  examined  for  the 
Feasibility  Report  and  Environmental  Impact  Statement  associated 
with  that  project.  No  known  prehistoric  or  historic  resources  are 
located  between  the  proposed  maximum  reservoir  pool  of  302.5  msl  and 
flood  pool  of  305.0  msl.  If  more  advanced  design  study  at  Big  River 
Reservoir  is  authorized  by  Congress,  further  cultural  resource 
studies  will  be  undertaken  within  the  area.  Coordination  is  being 
maintained  with  the  Rhode  Island  Historic  Preservation  Commission. 

2.69  Aesthetic  Conditions.  The  Warwick  Industrial  Park  is  an 
assortment  of  low-profile  industrial  and  commercial  buildings  with 
adjoining  parking  lots.  It  is  located  on  low-lying,  fairly  level 
terrain.  For  the  most  part,  the  visual  quality  of  the  area  fa 
rather  poor.  Vacant  lots  have  accumulated  debris  and  are  in  need  of 
an  overall  cleanup.  A  number  of  businesses  have  made  an  effort  to 
upgrade  the  aesthetics  of  the  area  by  landscaping  their  grounds. 

(The  entrance  to  Sealol  Company  and  the  land  behind  ITT  Hammel  Dahl 
are  examples  of  such  efforts.) 

2.70  Across  from  the  industrial  park  on  the  Cranston  side  of 
the  river,  is  the  Pawtuxet  Reservation.  It  offers  a  natural  setting 
of  forest  areas  and  wetlands,  allowing  visual  enjoyment  of  the 
waterfront. 

2.71  The  area  where  the  Big  River  Reservoir  is  proposed  is 
largely  undeveloped.  Its  vegetation,  wildlife,  wetlands  and  water 
give  the  area  high  aesthetic  appeal.  It  is  one  of  the  very  few 
remaining  large  areas  of  open  space  within  the  State  that  has 
escaped  Intensive  development. 

2.72  Noise.  Noise  levels  are  ordinarily  measured  in  units  of 
decibels  (dB),  a  term  decrlbing  the  sound  level  on  a  logarithmic 
scale.  A  weighted  decibel  scale  known  as  dBA  more  accurately  repre¬ 
sents  noise  levels  as  perceived  by  the  human  ear.  Since  noise 
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levels  generally  fluctuate  over  time,  noise  is  frequently  described 
statistically  in  terms  of  which  is  the  sound  level  in  dBA  th;  * 

is  exceeded  10  percent  of  the  time  for  the  period  under  consider¬ 
ation. 

2.73  The  most  prevalent  noise  source  in  urban/suburban  areas 
such  as  Warwick  and  Cranston  is  automobile  and  truck  traffic. 
Although  arterial  traffic  volumes  in  the  vicinity  ou  the  proposed 
local  protection  project  are  generally  moderate,  truck  traffic  on 
the  major  routes  is  substantial.  Sound  levels  at  a  distance  of  50 
feet  from  an  auto  traveling  30  m.p.h  art  approximately  60  dBA.  A 
full  throttle  diesel  truck  at  the  same  distance  can  generate  90  dBA. 

2.74  The  Federal  Highway  Administration  standards  for 
residential  areas  specify  that  the  70  dBA  level  must  not  be  exceeded 
over  10  percent  of  the  time.  Heavy  automobile  traffic  or  the 
frequent  passage  of  large  diesel  trucks  may  cause  noise  levels  in 
adjacent  roadways  to  exceed  tolerable  levels. 

2.75  The  proposed  construction  activities  in  Warwick  may 
generate  significant  noise  from  onsite  construction  equipment  and 
heavy  trucks  traveling  to  and  from  the  site.  This  type  of  activity 
would  temporarily  affect  the  aesthetics  of  the  area. 

2.76  Air  Quality.  The  primary  determinants  of  air  quality  in 
an  area  are  the  meteorological  conditions  ’nd  the  nature  of  the 
sources  of  air  pollutants.  In  the  Warwiek-Cranston  area  there  are 
no  longer  industrial  sources  of  significant  air  pollution.  The 
primary  source  of  contaminants  is  the  burning  of  heating  fuels  in 
residential  and  commercial  buildings.  Another  major  cause  of  air 
pollution  is  the  emission  from  vehicles  traveling  on  the  roadways  in 
the  area. 

2.77  Present  air  quality  was  not  determined  in  this  study. 
However,  it  is  likely  that  most  locations  generally  experience 
favorable  conditions  since  land  use  is  predominantly  medium  density 
and  vehicular  travel  on  the  arterial  network  is  generally  moderate. 

2.78  In  general,  the  air  quality  in  the  immediate  vicinity  of 
the  considered  projects  is  not  expected  to  be  significantly 
decreased  during  construction  or  after  completion. 
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3.00  RELATIONSHIP  OF  THE  PROPOSED  ACTION  TO  LAND  USE  PLANS 


3.01  Area  land  use  nlmners  and  the  public  ar”.  aware  of  the 
proposed  flood  protection  plans.  Several  public  meetings  were 
conducted  in  addition  to  other  meetings  listed  in  the  coordination 
section.  As  a  result  of  our  contact  with  State  and  local  people,  it 
is  our  understanding  that  the  selected  plan  will  have  a  positive 
effect  on  present  and  future  land  use  plans.  Flood  protection  may 
provide  a  potential  increase  in  land  area  available  for  recreational 
and  industrial  use.  Although  these  aspects  are  further  addressed  in 
the  next  section,  the  .final  decision  regarding  land  use  is  a  local 
responsibilic  f. 

3.02  In  order  to  facilitate  the  evaluation  of  probable  project 
Impacts,  the  flood  plain  for  the  Standard  Project  Flood  (SPF)  in. 
Cranston,  Warwick,  and  West  Warwick  has  been  designated  as  a  primary 
impact  area.  This  is  the  land  that  would  be  most  significantly 
protected  by  the  proposed  flood  control  measures  ("particularly  the 
local  protection  project). 

3.03  A  substantial  amount  of  land  along  the  river  in  the  SPF 
flood  plain  zoned  for  industry  in  all  three  municipalities  with  the 
following  notable  exceptions:  (1)  an  area  zoned  for  residential  ■re 
on  both  sides  of  the  river  including  the  Norwood  peninsula  in  V 
wick  and  the  residential  area  opposite  it  in  Cranston:  r\'  wrt.L--.nd 
areas  zoned  for  open  space  use  in  the  Pawtuxet  Reservation  arc  the 
Pawtuxet  River  Reservation  in  the  Pawtuxet  and  Eden  Park  sections  of 
Cranston:  (3)  the  commercially  zoned  area  in  Warwick  west  of  the 
Warwick  Industrial  Park;  and  (4)  the  large  area  zoned  for  commercial 
use  at  the  intersection  of  ]-295  and  1-95  (the  location  of  Warwick 
Mall). 


3.04  Not  all  of  the  riverside  property  that  is  zoned  for 
development  has  been  fully  developed.  Near  the  mouth  of  the  river 
on  the  Warwick  side,  for  example,  land  is  available  In  the  Warwick 
Industrial  Park  with  the  adjacent  area  zoned  for  commercial  use  and 
the  next  area  also  zoned  for  industry.  Farther  upstream,  on  the 
Cranston  side,  there  is  undeveloped  industrially  zoned  land  which 
will  probably  never  be  developed  b  cause  it  is  an  unsewered,  low- 
lying  wet  area  that  the  city  intends  to  protect.  In  the  Cranston 
residential  area,  opposite  Warwick's  Norwood  section,  land  is 
available  for  additional  residential  growth. 

3.05  Upstream  of  the  Norwood  peninsula  there  is  undeveloped 
industrially  zoned  land  on  both  sides  of  the  river.  Continuing 
upstream,  there  are  areas  zoned  for  industry  up  to  the  1-295  and 
1-95  Intersection  that  are  not  completely  developed.  The  commer¬ 
cially  zoned  area  at  the  1-295/ 1-95  interchange  also  has  land 
available  for  additional  commercial  uses.  Almost  all  of  the  land  in 
the  West  Warwick  section  of  the  study  area  is  zoned  for  industrial 
use  but,  as  previously  noted,  this  area  Is  not  intensely  developed. 
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3.06  Some  of  these  areas  may  never  be  developed  for  their 
zoned  use  because  of  wetland  areas  that  preclude  development.  The 
land  In  Warwick  at  the  river's  bend  near  the  1-95  Interchange  with 
the  airport  access  road  characterizes  this  type  of  wetland  area. 

3.07  The  land  use  in  Coventry  and  West  Greenwich  will  be 
significantly  altered  by  the  construction  of  the  Big  River  Reservoir 
area  that  now  is  largely  undeveloped  will  be  transformed  into  an 
environment  dominated  by  water.  (The  environmental  impacts  of 
including  flood  control  storage  at  the  i  .ee^voir  will  be  addressed 
in  the  next  section.) 
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4.00  THE  PROBABLE  IMPACT  OF  THE  PROPOSED  ACTION  ON  THE  ENVIRONMENT 


4.01  General.  The  primary  impacts  of  the  Selected  Plan  are: 
(1)  a  decrease  In  flooding,  (2)  the  removal  of  vegetation  and  open 
space  from  along  the  Pav/tuxet  River,  (3)  ehe  channelizing  of  a  por¬ 
tion  of  the  Pawtuxet  River,  (4)  the  removal  of  homes  and  evacuation 
of  low-lying  areas  along  the  Norwood  peninsula,  and  (5)  the 
potential  damage  or  destruction  of  vegetation  and  cultural  resources 
surrounding  the  Big  River  Reservoir.  The  possibility  of  an  increase 
in  sedimentation  was  considered,  but  '  cause  of  the  Sci.tuate  Dam, 
the  limited  drainage  basin  and  the  numerous  smaller  dams  throughout 
the  tributaries  of  the  river,  this  impact  was  forecast  as  minor. 

4.02  The  inyacts  of  decreased  flooding  are  beneficial  and 
directly  affect  the  human  population.  Implementation  of  the  project 
would  alleviate  flooding  and  reduce  local  property  damage.  The 
dikes  alone  would  increase  flooding  in  Cranston,  however,  the  flood 
storage  at  the  Big  River  Reservoir  would  eliminate  these  Increased 
flood  stages  with  the  net  effect  being  no  increased  flooding.  In 
the  area  of  the  Warwick  Industrial  Park  a  meander  In  the  river  would 
be  channelized.  The  new  channel  would  be  located  in  an  area  cur¬ 
rently  open  space  and  under  State  of  Rhode  Island's  jurisdiction. 

The  area  of  the  current  channel  would  be  filled  in  and  would  be 
contiguous  to  industrial  uses  of  the  Warwick  Industrial  Park. 

Future  use  and  development  In  this  area  would  reflect  l.o-.al  and 
State  decisions. 

4.03  In  order  to  construct  the  Warwick  Avenue  Local  Protection 
Project  a  large  amount  of  vegetation  adjacent  to  the  river  will  have 
to  be  removed  for  the  construction  of  walls  and  dikes.  These 
structures  will  range  in  height  an  average  of  10  to  18  feet  and  will 
extend  for  a  distance  of  just  over  one  mile.  For  the  homes  and 
businesses  adjacent  to  the  project  there  certainly  will  be  a  high 
degree  of  visual  impact.  To  those  properties  inside  the  dike,  this 
impact  should  be  seen  as  a  trade  off  to  the  flood  protection  that 
the  project  will  afford. 

4.04  Impacts  on  the  Human  Environment.  Land  Use.  The 
proposed  project  would  provide  a  moderate  degree  of  flood  protection 
for  much  of  the  land  downstream  from  the  Flat  River  Reservoir  along 
the  South  Branch  and  the  mainstem  of  the  Pawtuxet  River.  Within  the 
standard  project  flood  plain,  approximately  750  acres  are  currently 
vacant.  There  are  about  475  acres  zoned  for  industrial  use,  a  minor 
amount  for  commercial  use,  and  about  250  acres  for  residential 
use.  (These  land  use  figures  are  only  applicable  to  zones  4-8  along 
the  mainstem.) 

4.05  Economic  Impacts.  Direct  economic  impacts  that  would  re¬ 
sult  from  the  reduction  of  flood  damages  have  been  considered  by  the 
Corps  in  the  benefit-cost  analysis  for  the  project.  The  indirect 
economic  impacts  resulting  from  the  project  are  discussed  here. 
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4.06  Present  Corps  estimates  show  that  approximate' y  44  acres 
of  vacant  Ian*!  would  become  more  desirable  for  industrial  develop¬ 
ment  in  and  near  the  Warwick  Industrial  r.ark  with  loud  protection 
since  National  Flood  Insurance  Program  vNFIP)  restrictions  would  be 
negated.  In  19/1  the  Warwick  Planning  Department  estimated  that  44 
acres  of  land  In  the  industrial  park,  if  protected  from  flooding, 
would  be  worth  double  or  triple  its  then  market  value  of  $2.4 
million.  This  corresponds  to  a  value  of  more  than  $160,000  per 
acre.  The  city  estimated  that  protection  of  the  industrial  park 
would  create  1780  additional  jobs,  general i?  •  i  payroll  increase  of 
$13.9  million  annually. 

4.07  A1  ■  protected  would  be  5  acres  of  commercial  land  and 
approximately  d  acres  of  residential  lan:  in  the  area  immediately 
west  of  Warwick  Avenue  along  the  Pawtuyet. 

4.08  jCrar  'top.  Future  development  plans  as  described  in  the 
Comprehens  iv  ’  I  on  s  ‘port  j.-.m.,  d  by  the  city  c“  Or  ri«.  :  n  Planning 
Department  in  i  975  enphasi  -o  th<-  fesi  r  ion  and  maintenance  of 
riverfront  areas  for  const-.-  it  in  and  r  > /  reat  i-n  1  purposes.  A 
relatively  large  --ommercia  1  arc  i  o  '  its  a  the  westernmost  part  of 
the  ruWtuxet  sec:  i  n  that  -  vi '  d  be  nwe  ? al  l.y  d  eloped.  The  Ciba 
Geigy  Chemical  Part  o-c'ipies  most  of  ‘he  aval istlf  industrial  land 
in  the  easternmost  portion  -f  Park  ’  ov.  leaving  1  i  r.  t  1  <  •  other  land 
for  development.  The  Howard  Industrial  Park  occupies  mos^  of  the 
Pettaconsett's  riverfront,  but  it  hir,  experienced  only  1  ■’’•■’.i.t.ed  flood 
problems . 

'■*’09  West  Warwick  and  Coventry.  Although  the  proposed  project 
would  provide  protection  to  the  riverfront  industrial  and  commercial 
developments  along  the  Pawtuxo t ,  it  is  doubtful  that  the  project 
would  significantly  affect  economic  growth  in  West  Warwick  and 
Coven,  r  ry . 

4.10  Construction  Impact.  The  regional  economic  impact  of  the 
project,  due  to  increased  construction  and  associated  local  supplies 
of  material,  would  be  positive.  Earnings  from  the  project  would 
also  positively  affect  the  local  economy  through  the  multiplier 
effect  of  spending  and  investment.  Short-term  impacts  during 
construction  periods  will  primarily  be  noise  from  heavy  construction 
equipment  at  the  site  and  trucks  moving  to  and  from  work  areas.  Air 
quality  should  not  be  significantly  affected. 

4.11  Traffic  and  Related  Impacts.  The  traffic  impacts  of  the 
project  would  be  primarily  short-term,  resulting  from  the  construc¬ 
tion.  Its  Impacts  on  noise  and  air  quality  are  also  discussed  in 
this  section  since  they  are  closely  related  to  the  traffic  impacts. 

4.12  Assumptions  were  made  for  this  statement  about  the 
duration  of  construction  and  the  most  likely  paths  to  be  taken  by 
construction  equipment. 


4.13  Since  10-wheel  dump  trucks  generate  a  noise  level  of 
approximately  90  dBA  at  a  distance  of  50  £eet,  it  is  likely  that 
Federal  highway  noise  standards  i :>r  residential  areas  (L^q  “  70  dBA) 
might  be  exceeded  along  Lhe  truck  route  and  adjacent  to  the  building 
site  during  much  of  the  construction  period.  The  L^q  designation 
refers  to  the  noise  level  that  must  not  be  exceeded  more  than  10 
percent  of  the  time. 

4.14  Warwick  Avenue  Area.  The  increase  in  truck  traffic  f’os 
construction  of  the  Warwick  local  protection  dike  would  not  cause  a 
congestion  problem  on  the  surrounding  arterials  (with  the  exception 
of  already  congested  Park  Ave.),  but  it  might  cause  a  noticeable 
increase  in  noise  levels.  Most  of  the  surrounding  roadways  carr;-' 
more  than  50  trucks  per  hour  during  the  peak  hour.  The  Warwick 
project  'ould  add  approximately  10  trucks  per  hour  for  the  duration 
of  the  construction. 

4.15  Air  V.ug’i  the  lard  use  adjoining  the  surround:  eg  ..r>  er  5  -O 

network  is  mi:, el,  substantial  residential  areas  as  well  as  several 
schools  are  ore  sent  in  the  vicinity.  Where  standards  are  not  now 
exceeded,  the.  additional  trucking  during  construction  could  possibly 
raise  noise  levels  above  F  ideral  standarde  along  the  access  route. 
The  corresponding  air  quality  decline  would  be  insignificant. 

4.16  Long-term  increases  in  industrial  park  traffic  and 
related  effects  would  probably  occur  as  a  result  of  the  enhanced 
development  potential  of  the  area. 

4.17  Norwood  Area.  Construction  activities  associated  with 
evacuation  of  the  area  will  be  ongoing  up  until  the  time  the  Big 
River  Reservoir  is  complete.  Approximately  40  to  50  homes  will  be 
destroyed  or  relocated  from  low-lying  areas  on  the  peninsula.  The 
residents  living  adjacent  to  the  proposed  site  and  along  the  access 
streets  through  the  neighborhood  would  encounter  some  discomfort 
during  the  evacuation  period  from  the  dust  and  noise  of  truck  travel 
and  construction  operations.  These  impacts,  while  of  limited 
duration,  would  be  locally  significant  but  careful  consideration  to 
the  use  of  local  streets  and  thorough  planning  efforts  should 
minimize  these  concerns. 

4.18  Social  and  Cultural  Impacts.  No  social  or  cultural 
resources  such  as  churches  or  community  facilities  would  be  directly 
affected  by  the  proposed  selected  plan.  However,  the  construction 
and  evacuation  activities  will  most  likely  alter  the  character  of 
Norwood  to  some  degree  when  homes  and  families  are  displaced. 

4.19  Warwick  Avenue  Area.  Once  these  areas  are  fully  pro¬ 
tected,  it  is  possible  that  new  employment  opportunities  could  be 
created  by  industrial  development  in  the  flood  plain.  An  increase 
in  the  supply  of  jobs  could  lower  the  area's  unemployment  rate 
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and/or  attract  new  residents  to  the  vicinity.  All  of  the  munici¬ 
palities  in  the  study  area  show  a  projected  growth  rate  and  appear 
to  be  preparing  for  future  anticipated  population  increases  by 
extending  utility  systems,  preserving  land  for  open  space,  etc. 

4.20  Social  disruptions  due  to  an  influx  of  new  residents  are 
unlikely  to  occur  since  the  residential  locations  of  the  new  workers 
would  undoubtedly  be  widely  dispersed.  The  number  of  new  jobs  that 
would  be  created  as  a  result  of  the  new  development  is  relatively 
small  compared  to  the  amount  created  by  oth  r  recent  or  anticipated 
employment  generators  in  the  study  area  such  as  the  Warwick  Mall  and 
the  Howard  Industrial  Park. 

4.21  Norwood  Area.  There  are  both  positive  and  negative 
social  impacts  that  would  result  with  the  implementation  of  the 
Norwood  Land  Bank.  Presently,  hemes  abutting  the  river  or  ones  in 
low-lying  arear  get  flooded  during  periods  of  heavy  rain.  In  the 
past  ten  years,  on  no  fewer  than  four  occasions  30  to  40  families 
had  to  be  evacuated  from  their  homes  by  truck  or  boat.  Like  past 
experiences,  future  floods  would  require  that  electric  service  to 
the  area  be  shut  off  until  the  water  recedes.  This  potentially 
creates  a  severe  health  and  safety  hazard.  Basements  and  cellars 
are  all  but  useless,  with  boilers  and  furnaces  constantly  needi  ig 
repair  or  replacement.  Residents  who  are  vulnerable  o  f?co‘:f-ng 
become  quite  fearful  v;hen  heavy  rains  are  forecast.  Relocation  of 
these  homes  would  relieve  the  residents  of  such  frequently  occvrring 
hardships.  The  major  negative  social  impact  of  this  plan  would  be 
the  relocation  of  40  to  50  families  from  their  homes.  In  some  cases 
relocation  of  the  present  structure  to  another  site  could  be  accom¬ 
plished.  In  other  cases,  though,  the  families  would  have  to  find 
new  homes  in  a  different  neighborhood.  The  stress  associated  with 
loss  of  home  could  be  significant  in  this  neighborhood  which  is 
characterized  by  a  rather  stable,  blue-collar  population.  Removal 
of  structures  would  occur  over  several  years,  with  completion 
contingent  on  construction  of  the  Big  River  Reservoir. 

4.23  Impacts  to  Cultural  or  Archaeological  Resources. 
Coordination  with  the  Rhode  Island  Historic  Preservation  Commission, 
undertaken  in  1976  indicated  no  effects  upon  significant  cultural 
resources  as  a  result  of  the  project  for  the  Warwick  Industrial  Park 
(Warwick  Avenue  Area). 

4.24  The  Big  River  Reservoir  component  does  not  appear  to 
affect  significant  cultural  resources,  beyond  those  which  may  be 
impacted  by  construction  and  management  of  the  water  supply  aspects 
of  the  reservoir.  Further  studies  of  the  reservoir  will  be  under¬ 
taken  if  Congress  authorizes  the  project  to  proceed  into  more 
advanced  design  stages.  Coordination  with  the  Rhode  Island  Historic 
Preservation  Commission  will  be  maintained  throughout  the  Big  River 
study. 


4.25  Impact  on  Recreation  Resources.  The  proposed  flood  con¬ 
trol  measures  will  have  little  or  no  intact  on  existing  recreational 
resources  within  the  project  area.  The  proposed  improvement  would 
prevent  flooding  in  most  of  the  lands  within  the  impact  area  that 
currently  offer  recreational  amenities,  however,  this  would  not 
increase  the  number  of  days  that  these  lands  would  be  available  for 
recreational  use. 

4.26  Other  losses  or  gains  are  less  definite'.  Commercial  or 
industrial  development  generated  as  a  result  of  increased  flood 
protection  may  pre-empt  opportunities  for  the  recreational  use  of 
certain  flood  plain  areas.  This  is  evident  especially  in  the  area 
of  the  proposed  channelization  works  near  the  Pawtuxet  Reservation. 
In  the  absence  of  flood  control  measures,  this  land  would  be  best 
suited  for  less  intense  uses  such  as  recreation  or  conservation. 

4.27  New  recreation  opportunities  could  possibly  be  created 
with  the  construction  of  the  project  dikes.  Bike  paths  or 
pedestrian  walkways  could  be  designed  if  the  residents  of  local 
communities  expressed  an  interest  in  them.  In  certain  areas  the 
dikes  and  walls  would  not  directly  abut  the  river,  leaving  the 
existing  flood  plain  open  for  possible  passive  recreation  use. 

4-28  The  effect  of  flood  control  storage  at  Big  River 
Reservoir  on  recreation  will  be  minimal.  Only  passive  recreation 
occurs  in  the  area  now.  Very  likely  this  trend  would  remain  when 
the  reservoir  is  conpleted  due  to  the  water  supply  aspect. 

4.29  Impacts  on  the  Physical  and  Natural  Environment. 

Construction  Impacts.  The  construction  would  cause  some 
adverse  visual  and  physical  impacts  of  both  a  temporary  and 
permanent  nature.  The  presence  of  construction  machinery,  temporary 
structures  and  fenced  storage  and  stockpile  areas  will  detract  from 
the  project  area. 

4.30  In  order  to  construct  the  walls  and  dikes,  a  substantial 
amount  of  native  and  ornamental  plant  material  will  have  to  be 
destroyed.  At  areas  such  as  Geigy  Chemical,  the  project  will  change 
the  character  of  the  area  by  the  removal  of  large  trees  adjacent  to 
the  river.  In  the  area  near  the  Pawtuxet  Reservation,  the  natural 
appearance  will  be  altered  substantially  when  channelization  work  is 
undertaken. 

4.31  Aesthetic  Impacts.  The  primary  aesthetic  impact  of  the 
proposed  project  would  be  the  appearance  of  the  flood  control  dikes 
and  walls  and  their  obstruction  of  views. 

4.32  Warwick  Avenue  Area.  The  local  protection  facility 
proposed  for  the  Warwick  Industrial  Park  area  involves  more  than 
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6,500  linear  feet  of  walls  and  dikes.  In  light  of  the  present 
industrial  and  commercial  uses  of  the  area,  it  is  unlikely  that  the 
project  would  detract  significantly  from  the  site.  The  land  side  of 
the  dike  will  be  grassed  and  this  should  help  in  visually  blending 
into  the  park  area. 

4.33  From  the  Cranston  side  of  the  river,  the  project  would 
obstruct  views  of  the  industrial  park.  The  aesthetic  experience, 
though,  would  not  be  enhanced  since  the  concrete  walls  and  rock 
faced  dike  would  be  in  sharp  contrast  to  the  natural  riverbank  and 
lands  of  the  Pawtuxet  Reservation. 

4.34  Norwood  Area.  The  evacuation  and  construction  activity 
in  this  area  will  significantly  impact  the  site.  The  most  apparent 
impact  will  be  from  trucks  and  heavy  equipment.  There  will  be 
increased  noise,  dust,  and  traffic  congestion.  The  visual  quality 
of  the  site  will  be  lessened  significantly  during  the  years  of 
evacuation.  Once  all  the  homes  have  been  moved,  the  area  will  be 
regraded,  seeded  and  left  in  a  natural  state.  There  is  a 
possibility  of  park  development  in  this  area,  but  this  will  be  left 
to  the  city  of  Warwick  for  consideration. 

4.35  Big  River  Reservoir.  There  will  be  virtually  no  negative 
visual  impacts  resulting  from  inplementation  of  flood  control 
storage  at  the  reservoir.  Negative  impacts  may  result  if  vegetation 
dies  as  a  result  of  long  periods  of  inundation.  At  present  there  is 
no  way  to  calculate  if  and  when  such  events  will  occur. 
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5.00  PROBABLE  ADVERSE  ENVIRONMENTAL  IMPACTS  THAT  CANNOT  BE  AVOIDED 

5.01  Following  are  some  of  the  unavoidable  adverse  inpacts 
that  might  result  from  the  proposed  flood  control  project  in  the 
Pawtuxet  Basin.  Short-  and  long-term  inpacts  will  be  dealt  with 
separately. 

5.02  Several  major  short-term  impacts  are  associated  with  the 
construction  of  the  project.  There  would  be  increased  traffic  on 
the  surrounding  roadways,  primarily  fro;?  trucks  hauling  material  to 
the  construction  site.  While  their  number  would  not  be  too  great 
for  the  roads  to  handle,  the  large,  slow  moving  trucks  could  be 
expected  to  hanper  traffic  flow. 

5.03  Noise  and  Air.  The  large  trucks  carrying  materials  could 
be  expected  to  increase  noise  levels  adjacent  to  roadways  in  the 
construction  areas,  adversely  impacting  on  the  comfort  of  residents. 
The  construction  processes  and  grading  operations  at  the  construc¬ 
tion  sites  would  also  increase  noise  levels  and  add  dust  to  the  air 
in  the  immediate  area. 

5.04  There  will  be  an  increase  in  the  turbidity  of  the 
Pawtuxet  River  as  a  result  of  the  construction  activities.  This 
would  have  a  negative  impact  on  aquatic  life  in  the  river.  This 
decrease  in  water  quality  would  only  be  short-term  and  would  improve 
significantly  once  construction  was  completed. 

5.05  A  large  amount  of  plant  material  would  be  destroyed 
during  construction.  This  loss  will  be  evident  especially  in  the 
industrial  complex  of  Geigy  where  large  hardwoods  will  have  to  be 
cut  down  for  the  construction  of  concrete  walls.  The  clearing  of 
vegetation  will  have  both  short-term  and  long-term  inpacts.  Long¬ 
term  inpacts  will  result  with  the  removal  of  large,  mature  trees 
since  it  will  take  many  years  for  new  trees  to  replace  them. 

5.06  There  will  be  several  other  long-term  impacts  of  the 
proposed  project.  Approximately  40-50  homes  will  be  removed  from 
the  Norwood  peninsula  resulting  in  long-term  social  and  economic 
impacts  for  these  familieis. 

5.07  The  straightening  and  filling  of  the  river  near  the 
Warwick  Industrial  Park  will  have  long-term  impacts  to  both  aquatic 
and  terrestrial  habitat  and  recreation  opportunities.  Approximately 
three  acres  of  riverbed  will  be  filled  in  and  five  acres  of  the 
Pawtuxet  Reservation  Conservation  land  will  become  part  of  the 
industrial  park.  Also,  riparian  habitat  will  be  lost  throughout  a 
substantial  length  of  the  project,  resulting  in  the  demise  of  a 
segment  of  small  mammal  and  invertebrate  populations  associated  with 
this  habitat.  Where  possible,  a  buffer  zone  of  vegetation  will  be 
left  to  serve  as  cover  for  birds  and  larger  mammals. 
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6.00  ALTERNATIVES  TO  THE  PROPOSED  ACTION 


6.01  Formulating  a  Plan.  Principal  water  resource  problems 
within  the  basin  are  the  need  for  flood  management  measures,  phased 
development  of  public  water  supplies  and  water  quality  improvement 
measures.  Alternative  solutions  for  satisfying  flood  control  needs 
are  evaluated  in  this  section.  Water  supply  and  water  quality 
improvement  measures  have  been  the  subject  of  previous  and  ongoing 
studies  by  the  Rhode  Island  Water  Resources  Board' and  the  Rhode 
Island  Statewide  Planning  Program,  respectively. 

6.02  Key  Steps  in  the  Plan  Formulation.  In  formulating  a 
well-balanced  flood  management  plan  for  the  Pawruxet  River  Basin,  a 
series  of  basic  formulation  steps  were  used  in  the  screening  or 
evaluation  process  to  determine  the  best  alternative  plan.  Figure 
VI-1  is  a  flow  chart  of  the  plan  formulation  screening  process.  The 
following  key  steps  were  used: 

6.03  Potential  Measures.  All  possible  regulatory  and 
corrective  measures  for  meeting  the  flood  protection  needs  of  the 
basin  were  identified  and  briefly  appraised.  A  No  Action  Program 
(one  entailing  no  Corps  of  Engineers  participation)  was  considered 
throughout  the  plan  formulation  process.  It  assumes  that  all 
communities  would  control  growth  within  their  flood  plains,  at  least 
to  meet  the  minimum  requirements  of  the  ongoing  National  Flood 
Insurance  Program  (NFIP).  The  NFIP  provides  a  Federal  subsidy  to 
private  insurers  so  that  flood-prone  properties  may  be  eligible  for 
flood  insurance. 

6.04  When  a  community  enrolls  in  the  emergency  program,  its 
residents  and  business  owners/operators  become  eligible  for  low  cost 
subsidized  rates  up  to  the  amounts  available  in  the  table  listed  on 
the  next  page.  After  completion  of  the  flood  insurance  study,  final 
publication  of  the  Flood  Insurance  Rate  Maps  and  enactment  of  the 
local  flood  plain  zoning  required  under  this  program,  the 
municipality  is  enrolled  in  the  regular  program.  In  essence  the 
zoning  requires  that  all  new  construction  and  substantial 
improvements  to  existing  structures  in  HUD  identified  flood-prone 
areas  be  elevated  or  floodproofed  to  the  level  of  the  hundred-year 
flood. 


6.05  The  regular  program  makes  available  a  second  layer  of 
insurance  coverage,  also  listed  on  the  next  page.  However,  the 
insuree  must  pay  the  so-called  acturial  rates.  These  have  been 
established  by  building  types,  zone  classification,  and  relationship 
of  the  structure  to  the  100-year  flood  level. 
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FLOW  CHART 


FIGURE  VI-1 


6.06  In  addition  to  the  No-Action  Plan,  a  number  of  regulatory 
and  corrective  measures  are  nummirized  on  Table  VI-l.  Regulator 
measures  discourage  the  use  and  :evelopment  of  flood  plains, 
lessening  the  threat  of  flood  damage  and  possible  loss  of  life. 
Corrective  measures  would  include  'he  physical  construction  of 
structures  such  as  reservoirs,  walls  and  dikes,  hurricane  barriers 
and  stream  improvements  (channelization).  Other  activities  won' 
include  the  flood  proofing  or  relocation  of  homes* 

6.07  Initial  Screening.  In  this  step,  all  regulatory  and 
corrective  measures  as  well  as  a  No-Action  Plan  were  evaluated  with 
engineering  judgement  and  brief  study  for  application  in  each  of  the 
16  zones  of  the  watershed  (see  Figure  VI-2). 

6.08  Each  measure  was  judged  on  its  own  merits  and  those  not 
considered  adequate,  realistic  oc  practical  engineering  solutions 
were  eliminated  along  with  those  measures  found  to  be  socially  or 
environmentally  unacceptable  or  economically  unjustified.  The  No- 
Action  Program  and  all  regulatory  measures  were  determined  to  be 
applicable  to  all  16  zones.  Therefore,  both  programs  were  reserved 
for  further  evaluation  in  subsequent  steps. 

6.09  Corrective  Measures.  Extensive  land  treatment  measures 
are  not  warranted  as  there  are  no  major  erosion  problems  within  the 
basin.  Should  erosion  problems  occur,  assistance  is  available  under 
the  existing  authority  of  the  Soil  Conservation  Service  (SCS), 
Department  of  Agriculture. 

6.10  Reservoirs  at  numerous  sites  within  the  study  area  were 
Investigated.  Most  of  the  sites  were  found  to  be  either  too  small 
to  provide  economically  justified  protection  or  were  not  acceptable 
because  of  engineering,  social  or  environmental  constraints. 

6.11  Modification  of  Scituate  Reservoir,  presently  used  only 
for  water  supply  purposes,  was  found  to  be  economically  unjustified. 
Although  this  reservoir  has  played  a  substantial  role  in  reducing 
flood  stages  and  resultant  damage  in  the  past.  It  is  managed  ex¬ 
clusively  to  optimize  its  water  supply  capabilities.  To  utilize 
Scituate  Reservoir  for  flood  control  purposes  would  require  either 
raising  the  existing  structure  an  additional  10  feet  or  providing  a 
subimpoundment  within  the  reservoir.  The  costs  of  either  project 
would  far  exceed  the  benefits  to  be  derived  by  downstream  commun¬ 
ities  from  flood  damage  reduction. 

6.12  Walls  and  Dikes  can  provide  effective  flood  protection  to 
high  risk  flood-prone  areas  where  numerous  structures  vulnerable  to 
high  flood  losses  are  located.  Seven  zones  in  the  basin  meet  these 
high  risk  conditions  and  wall  and  dike  measures  were  retained  for 
further  evaluation  in  these  zones. 
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6.13  Reserve  1  r  Manag-'- 'Tent  Programs  entail  lowering  the  levels 
of  existing  reservoirs  to  redurt1  peak  flood  discharges.  With  the 
exception  of  Scituate  and  Flat  River  Reservoirs,  further  investiga¬ 
tion  of  the  smaller  reserv-  irs  in  the  basin  was  deemed  impractical 
because  of  the  limited  storage  capacities  involved. 

6.14  Hurricane  Bajrrl  >rs  to  etiminace  tidal  flooding  under 
storm  conditions  wets  considered  lor  both  the  entrance  to  Pawtuxet 
Cove  anl  the  .cad  o  the  cove  where  the  river  discharges.  Excessive 
costs  a  id  ad'.,  .so  s>  ;inl  and  environment  impacts  eliminated  these 
proierr.3  fro  .  further  investigation. 

6. 15  A  harrier  at  the  river  mouth  would  involve  the  total 
reconstruction  >t  Pawtuxet  Dam,  huge  pumping  facilities,  river 
widening,  re  acation  of  numerous  industrial;  commercial  and  some 
residential  structures  and  modifiction  of  six  bridges  and  several 
local  roads.  These  -ost.s  ><i LI  far  exceed  benefits. 

6.16  Strt:ara_Improvei?.  *fs  to  correct  long  neglected  channel 
conditions  which  have  cans  -  an  alarming  deterioration  of  the 

h  drouiic  efficiency  of  so  of  the  basin's  major  streams  were 
consider’d  for  the  f  illowi  g  major  elements: 

1.  Removal  of  iarns^  particularly  those  small  dams  within  the 
basin  original ly  intended  lor  power  generation  and  nom  neglected  and 
obsolete,  proved  to  he  economically  infeasible. 

?.  •  Diversion  .-it  loot  flows  to  bypass  heavy  damage  zones  were 
considered,  intrabastn  schemes  were  evaluated  ar.d  none  seemed 
viable.  An  ioierbasin  sch.  me  diverting  f loodw- ters  to  Apponaug  Co'-o 
has  been  retained  for  further  evaluation. 

3.  Channel  modification  to  improve  strearaflow  by  either 
channel  widening,  deepening  or  realignment  proved  to  be  economically 
or  hydraulically  impractical. 

6.17  Flood  Proofing  and  Relocation  was  found  to  warrant 
further  evaluation  in  all  -ones  except  1,  2,  3,  4A,  and  7A,  where 
the  flood  problems  were  determined  to  be  minimal. 

6.18  Conclusion^:.  A  high  percentage  of  the  corrective 
measures  proposed  in  the  ?  tential  measures  available  section  failed 
to  meet  the  minimum  acceptable  plan  requirements  in  the  preliminary 
screening  process  and  were  therefore  eliminated.  Twenty-three 
possible  solutions  wire  deemed  worthy  of  more  detailed  analysis.  As 
previously  noted,  all  regvi  story  measures  as  well  as  the  No-Action 
Flan  have  been  retained  fo  further  analysis. 
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TABU’  VI-1 


POTENTIAL  MEASURES 


NO  ACTION  PROGRAM 

(See  Text  for  Definition) 

REGULATORY  MEASURES 

1.  National  Flood  Insurance  Program 

2.  Flood  Plain  Regulations 

a.  Encroachment  Lines 

b.  Zoning 

c.  Subdivision  Regulations 

3.  Land  Use  Programs 

4.  Other  Regulatory  Measures 

a.  Building  Codes 

b.  Urban  Redevelopment 

c.  Tax  Adjustments 

d.  Warning  Signs 

e.  Health  and  Fire  Regulations 

f.  Cleanup  Campaign 

g.  Flood  Forecasting 

CORRECTIVE  MEASURES 

1.  Land  Treatment  Measures 

2.  Reservoirs 

3.  Walls  and  Dikes 

4.  Reservoir  Management  Programs 

5.  Hurricane  Barriers 

6.  Stream  Improvements 

a.  Channel  Modification 

b.  Modification  or  Removal  of  Dams 

c.  Diversion  of  Flood  Flows 


7.  Floodproofing  or  Relocation 
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TABLE  VI-2 


INITIAL  SCREENING 


POTENTIAL  MEASURES 

- 1 

_ J 

1 

1A 

2 

B1 

3 

4 

4A‘ 

NO  ACTION  PROGRAM 

E 

E 

E 

E 

E 

E 

E 

REGULATORY  MEASURES (ALL) 

E 

E 

E 

E 

E 

E 

E 

CORRECTIVE  MEASURES 

J 

Land  Treatment  Measures 

5 

A 

1 

E 

5 

5 

4 

B 

Reservoir  s 

i 

5 

E 

5 

1.2,  3 

1,  2,  3 

- 

1 

Walls  &  Dikes 

5 

i 

5 

i 

3 

E 

i 

Reservoir  Management  Program 

E 

4 

E 

4 

4 

5 

B 

Hurricane  Barriers 

6 

6 

6 

6 

6 

6 

6 

Stream  Improvements 

_ - 

Removal  of  Dams 

5 

4 

4 

4 

5 

2 

B 

Diversion  of  Flood  Flows 

4 

1 

4 

1 

2 

E 

1,2 

Channel  Modification 

5 

5 

5 

s 

5 

1.  3 

1.  3 

Flood  Proofing  or  Relocation 

5 

E 

5 

E 

5 

E 

5 

CRITERIA  APPLIED  DURING  SCREENING  DAMAGE  ZONES 


1.  Economically  Infeasible  North  Pranch -  1-1A 

2.  Engineeringly  Impractical  South  Pranch -  2-2A 

3.  Socially  Unacceptable  Main  Stem -  3-8 

4.  adequate  Solution  Meshanticut  Prook -  4A-4P 

3.  ^o  Major  Needs  or  Problems  Pocasset  River - -  6A-6P 

6.  Not  Applicable  Roger  Williams  Brook  -  7A-7R 


J 


LEGEND 


-  1  -  1 A 
p  2  -  2  A 
►  3-8 

f.  4A-4P 
L  6A-6P 

-  7A-7R 


Further  Evaluation  Warranted 


Further  Evaluation  Unwarranted 
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6.19  Intermediate  Screening.  Those  measures  which  passed  the 
preliminary  screening  were  further  analyzed  to  see  if  they  could 
provide  an  adequate  degree  of  protection  in  major  damage  areas  while 
meeting  the  established  criteria. 

6.20  The  first  element  of  this  evaluation  process  consisted  of 
a  nonstructural  program  of  regulatory  and  corrective  measures  that 
were  analyzed  in  depth  in  accordance  with  the  desiYes  of  local 
citizens.  A  structural  program  was  then  evaluated  and  future  action 
measures  we'e  considered. 

6.2 1  Corrective  Nonstructural  Program.  Flood  proofing,  a 
major  component  of  this  program,  involves  techniques  to  make 
existing  buildings  and  their  contents  less  vulnerable  to  flood 
damages.  To  determine  the  viability  of  flood  proofing  in  zones  3-8, 
costs  were  developed  for  all  structures  for  both  100-year  and 
Standard  Project  Flood,  about  616  existing  structures — 33  percent  of 
those  located  in  the  SPF  area — would  require  relocation.  Eighty- 
three  of  the  structures  requiring  relocation  are  commercial  or 
industrial,  with  about  5,700  employees.  At  the  100-year  flood 
level,  approximately  26  structures  would  have  to  be  relocated,  of 
which  14  are  commercial  or  industrial  firms  employing  about  2,500 
people. 


6.22  Cost  figures  indicate  that  flood  proofing  alone,  without 
other  flood  protection  measures  in  combination,  would  not  meet  the 
benefit-cost  criterion  and  would  be  economically  prohibitive  and 
socially  and  environmentally  undesirable. 

6.23  In  other  zones,  preliminary  evaluation  indicated  that  the 
costs  of  flood  proofing  alone  would  far  exceed  benefits. 

6.24  Therefore,  flood  proofing  as  an  independently  used 
measure  was  rejected  as  not  satisfying  benefit-cost  criteria.  It 
has  been  retained,  however,  for  further  consideration  in  combination 
with  other  measures. 

6.25  Structural  Program.  Two  types  of  structural  flood 
management  programs  were  considered  to  protect  heavily  urbanized 
areas  in  the  flood  plain  along  the  lower  end  of  the  main  stem. 

6.26  Two  systems  of  dikes,  walls,  and  channel  modification 
were  evaluated,  one  to  protect  against  the  Standard  Project  Flood, 
the  other  against  the  lower  level  of  the  100-year  flood.  These  are 
designated,  respectively,  as  Alternative  Plans  A  and  A-l. 

6.27  Alternative  A  would  require  13  individual  local  protec¬ 
tion  projects  in  three  communities  at  a  1978  cost  of  $60  million. 
This  scheme  provides  protection  only  to  individual  units  or  small 
groups.  The  costs  for  lands  and  damages  and  interior  drainage 
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facilities  were  excluded-,  if  included,  the  tor-1  -  ~.s '  o':  this 
alternative  could  double.  Analysis  shoved  that  tl.o  a.-,  a  total 

unit  would  not  be  economically  justified  although  two  local 
projects — Warwick  and  Bulova — warranted  further  investigation. 

6.28  Alternative  A-l  entailed  the  same  projects  but  at  a  lower 
level  of  flood  protection.  Once  again,  the  total  plan  did  not  meet 
benefit-cost  criteria,  but  the  local  projects  at  Warwick*  and  Bulova 
were  economically  justified.  Alternate  A-i  would  cost  a  total  of 
$30  million  dolla-s  in  1978,  excluding  land:  ind  damages  and 
interior  drainage  racilities. 

6.29  Both  Alternative  A  and  A-l  were  rejected,  but  the  two 
economically  justified  local  projects  were  retained  for  further 
evaluation. 

6.?0  Two  alt'-rnato.  diversions  of  floodwatcuo  were  also 
evaluated: 

1.  The  Pontiac  Diversion  project  considered  four  different 
alignments,  but  each  proved  to  be  unjustified  because  of  social, 
economic  or  environmental  constraints. 

2.  The  Natick  Diversion,  with  its  intake  10,000  feet  farther 
upstream  to  a  point  just  below  the  Natick  Dam,  was  the  other 
alternative  considered.  It  was  found  to  provide  a  high  degree  of 
protection  to  existing  and  future  downstream  development  at  a  lower 
cost  and  was  economically  justified.  Therefore,  tins  diversion  has 
been  reserved  for  further  evaluation. 

6.31  Future  Action.  Three  future  action  programs  to  be 
implemented  by  local  interests  could  strengthen  the  flood  management 
program  for  the  Pawtuxet  River  Basin:  reservoir  construction, 
reservoir  management  and  land  treatment  measures. 

1.  Construction  of  the  Big  River  Reservoir  as  a  potential 
wafer  supply  for  metropolitan  Providence  could  provide  significant 
downstream  flood  protection  at  minimum  cost  by  increasing  the  height 
of  the  proposed  dam  by  about  2.5  feet.  This  would  give  additional 
flood  control  storage  equivalent  to  about  six  inches  of  runoff  over 
a  drainage  area  of  about  30  square  miles. 

2.  Management  of  the  Dcituate  and  Big  River  Reservoirs  in 
conjunction  with  each  other  presents  an  opportunty  to  optimize  the 
operations  of  both  reservoirs  so  that  each  could  provide  floodwater 
storage  capability  without  jeopardizing  its  principal  purpose,  water 
supp ly . 
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3.  Erosion  control  measures  should  be  instituted  by  local 
interests  during  construction  of  the  Big  River  Reservoir  in 
coordination  with  programs  of  the  Soil  Conservation  S.tyice. 

6.32  Conclusions .  Although  nonstructura  !  flood  proofing  was 
found  to  be  economically  infeasible  as  a  single  action  program,  it 
was  retained  for  further  consideration  as  a  supplement  to  the  Natick 
Diversion  and  the  Bulova  and  Warwick  local  protection  projects, 
which  warranted  further  consideration.  Reservoir  construction, 
reservoir  management  and  erosion  contr  1  during  reservoir  con¬ 
struction  were  retained  as  future  action  programs  for  each 
alternative  selected  for  inclusion  in  the  system  of  accounts.  T-e 
No-Action  and  regulatory  measures  programs  were  also  retained  for 
further  evaluation,  as  supplements  to  specific  corrective  measures. 

6.33  Combination  of  Alternative  Measures.  A  number  of 
alternative  flood  management  plans  were  evaluated  consirt.'*  ng  of 
various  combinations  of  previously  discussed  single  action  measures, 
in  addition  to  the  consideration  of  a  No-Action  Plan  based  on  the 
availability  of  the  National  Flood  Insurance  Program.  Table  VI-2 
summarizes  these  alternative  plans. 

6-34  From  previous  analysis  it  was  apparent  that  only  the  main 
stem  zones  4-8  would  be  the  subject  of  any  further  detailed  studies 
for  any  corrective  measures,  other  than  a  potential  reservoir  site 
at  Big  River.  There  were  no  single  action  corrective  measures  that 
passed  the  intermediate  level  of  screening  for  the  many  tributary 
streams,  other  than  that  previously  mentioned.  The  remainder  of  the 
planning  process  do.alt  with  the  derivation  of  detailed  costs, 
benefits,  environmental  studies  and  evaluation  of  various  flood 
control  systems  combining  corrective,  corrective  non-structural  and 
regulatory  measures. 

6.35  Alternative  A.  This  alternative  would  consist  of  the 
Natick  Diversion,  with  a  30-foot  diameter  tunnel.  With  Natick 
Diversion  as  the  only  structural  component,  substantial  flood  loss 
reductions  would  be  realized  in  the  main  stem  zones  and  in  the 
tributary  zones  affected  by  backwater  conditions.  Residual  losses 
along  the  main  stem  would  be  reduced  by  this  scheme  to  an  average 
annual  loss  slightly  more  than  $800,000. 

6.36  Implementation  of  the  30'  diversion  reduces  the  number  of 
ownerships  affected  by  a  100-year  flood  event  from  471  to  266,  and 
for  an  SPF  event  from  1,856  to  959-  In  addition,  the  diversion  also 
provides  a  substantial  reduction  in  water  depths  in  the  266  owner¬ 
ships  still  subject  to  residual  flooding  by  a  100-year  flood  event. 

A  component  of  this  alternative  would  be  the  future  action  elements 
consisting  of  flood  control  storage  at  Big  River  Reservoir  and  the 
regulation/management  of  Scituate  Reservoir.  When  combined  with  the 
30'  diameter  Natick  Diversion  to  act  as  a  system  the  proposal  would 
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be  economically  justified  due  to  the  low  separable  .sis  of  the 
flood  control  elemour.  The  additions'  ~et  benefits  tong  the  South 
Branch  and  the  main  stem  would  result  in  a  system  o'  !'■  /C  ratios  of 
about  1.1  to  1.  The  additional  flood  stage  reduction  at  events 
ranging  from  about  a  100-year  event  down  to  the  common  yearly  type 
flood  would  remain  the  same  as  the  diversion  is  capable  of 
discharging  the  floodwaters.  However,  at  everts  rarer  than  the  ore 
percent  flood  stage  reduction  of  one  half  a  foot  up  to  one  foe!  is 
possible  depending  upon  the  zone  and  the  flood  event. 

6.37  Alternative  B.  This  alternative  would  consist  of  Natick 
Diversion  with  a  30'  diameter  tunnel  and  the  Warwick  Avenue  and 
Elnwood  Avenue  local  protection  projects.  From  the  various  local 
protection  measures  evaluated  as  single  action  measures  a  plan 
evolved  that  would  provide  local  protection  measures  for  extreme 
northeastern  Warwick,  extending  from  the  lower  limits  of  Zone  6  and 
including  all  damaged  portions  of  Zones  7  and  8.  A  series  cf  dikes, 
floodwalls  and  other  structures  would  provide  full  protection,  to 
SPF  event  as  modified  by  Natick  Diversion,  to  the  residential- 
commercial  area  in  the  vicinity  of  Elnwood  Avenue  (U.S.  10  and  the 
Warwick  Industrial  Park  and  adjacent  residential-commercial  area  in 
the  vicinity  of  Warwick  Avenue  (RI  1170). 

6.38  Provision  of  the  Natick  Diversion  and  the  Elnwood  Avenuc- 
Warwick  Avenue  protect  Lve  measures  would  reduce  average  annual 
losses  in  the  lower  basin  to  approximately  $235,000  with  the  30-foot 
diameter  tunnel  project.  With  the  30-foot  diameter  diversion  tunnel 
and  the  Warwick  protective  measures,  most  of  the  residual  losses 
would  occur  within  the  Cranston  portions  of  Zones  4B ,  6,  7,  and  8, 
but  no  protective  measures  for  these  Cranston  areas  proved  to  be 
economically  justified.  The  remaining  losses  in  Warwick  Zones  4,  5, 
and  6  and  the  West  Warwick  portion  of  Zone  4  would  be  minimal 
following  reductions  by  the  Natick  Diversion. 

5 .39  Local  protection  measures  for  the  Bulova  Watch  Company 
industrial  complex  in  Zone  5,  which  had  been  determined  to  be 
marginally  justified  as  a  single  action  measure  were  reconsidered  in 
combination  with  the  Natick  Diversion.  With  the  30-foot  diameter 
diversion  tunnel,  flood  stages  would  be  substantially  reduced  so 
that  flood  damages  at  the  Bulova  complex  would  be  minimal.  At  the 
100-year  flood  level  only  the  lower  floor  of  the  main  office 
building  would  be  subject  to  flooding.  Under  such  conditions,  the 
use  of  sandbags  at  the  building  entrances  and  adequate  interior 
pumping  facilities  could  eliminate  interior  flood  losses. 

Therefore,  it  was  determined  that  local  protection  measures  acting 
in  conjunction  with  Natick  Diversion  would  not  be  economically 
justified  at  the  Bulova  industrial  complex. 

6.40  To  summarize,  only  three  structural  measures  were  found 
to  be  economically  justified  when  acting  as  a  unit:  the  Natick 
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TABLE  VI -3 


OWNERSHIPS  SUBJECT  TO  FLOODING 
FOLLOWING  PROVISION  OF  30'  DIAMETER 
NATICK  DIVERSION 
(Zones  4-8) 


100-year 

flood 

Standard  Proiect  Flood 

Community/ 

Natural 

Following 

Natural 

Following 

Category 

Conditions 

Diversion 

Conditions 

Diversion 

Warwick 

Commercial 

21 

9 

44 

29 

Industrial 

14 

8 

19 

16 

Residential 

151 

109 

569 

194 

Public 

2 

1 

2 

2 

Schools 

0 

0 

1 

1 

Others 

3 

0 

3 

3 

Sub-total 

191 

127 

638 

245 

Cranston 


Commercial 

11 

10 

27 

17 

Industrial 

6 

4 

16 

7 

Residential 

354 

207 

1,083 

613 

Public 

3 

3 

8 

6 

Schools 

2 

2 

2 

2 

Others 

2 

1 

5 

4 

Sub-total 

378 

227 

1,141 

649 

West  Warwick 
Commercial 

8 

1 

11 

10 

Industrial 

4 

1 

5 

4 

Residential 

41 

2 

53 

48 

Public 

1 

1 

1 

1 

Schools 

1 

0 

3 

1 

Others 

1 

0 

3 

1 

Sub-total 

56 

5 

76 

65 

Totals 

625 

359 

1,855 

959 

Figures  for  backwater  flooding  on  the  Pocasset  River  and  Meshanticut 
Brook  from  the  Pawtuxet  River  are  included.  These  figures  were  based 
upon  preliminary  hydrologic  evaluations.  Recently  available  data 
indicates  that  the  affective  residences  would  be  significantly  less, 
resulting  in  a  much  lower  degree  of  reduction. 


Diversion  and  local  protection  measures  for  the  El  pwood  Avenue- 
Warwick  Avenue  area  of  Warwick  (Warwick  Local  Protei;'-* on) . 


6.41  As  summarized  in  Table  VI-3»  implementation  of  Alternate 
B  (Natick  Diversion  with  30-foot  diameter  tunnel  and  Warwick  Local 
Protection)  would  reduce  the  number  of  ownerships  affected  by  the 
100-year  flood  level  from  471  to  148. 

• 

6.42  Another  component  of  this  ;  1  ternat ive  would  be  the 
action  elements  consisting  of  flood  co.trol  .storage  at  Big  River 
Reservoir  and  the  regulation/management  of  Seituate  Reservoir.  When 
combined  wi'h  the  above  system,  a  benefit  to  cost  ratio  of  slight  .Jy 
above  unity  would  be  realized. 

6-43  Alternative  C.  This  alternative  would  consist  of  Natick 
Diversion  with  a  21'  diameter  tunnel  and  the  Warwick  Avenue -El  nwood 
Avenue  local  protection  projects.  The  series  of  dikes,  floodwalls 
and  other  structures  are  the  same  as  above.  However,  the  walls  and 
dikes  are  several  feet  higher  than  those  considered  in  Alternative 
B.  Both  local  protection  projects  were  justified  as  single  action 
measures  in  the  intermediate  level  of  detail  and  combined  in  a  plan 
above. 


6.44  Provision  of  the  Natick  Diversion  and  the  Elnwood  Avenue- 
Warwick  Avenue  protective  measures  would  reduce  average  annual 
losses  in  the  lower  basin  to  approximately  $522,000  with  the  21-foot 
diameter  tunnel  project.  With  the  30-foot  diameter  diversion  tunnel 
and  the  Warwick  protective  measures,  most  of  the  residual  losses 
would  occur  within  the  Cranston  portions  of  Zones  4B,  6,  7,  and  8, 
but  no  protective  measures  for  these  Cranston  areas  proved  to  be 
economically  justified-  The  remaining  losses  in  Warwick  Zones  4,  5, 
and  6  and  the  West  Warwick  portion  of  Zone  4  would  be  minimal 
following  reductions  by  the  Natick  Diversion. 

6.45  Local  protection  measures  for  the  Bulova  Watch  Company 
industrial  complex  in  Zone  5,  which  had  been  determined  to  be 
marginally  justified  as  a  single  action  measure  in  this  intermediate 
screening  were  reconsidered  in  combinations  with  the  Natick  Diver¬ 
sion.  With  the  21-foot  tunnel  as  with  the  30-foot  diameter  diver¬ 
sion  tunnel,  flood  stages  would  be  substantially  reduced  so  that 
flood  damages  at  the  Bulova  complex  would  be  minimal.  Therefore,  it 
was  determined  that  local  protection  measures  acting  in  conjunction 
with  Natick  Diversion  would  not  be  economically  justified  at  the 
Bulova  industrial  complex. 

6.46  Another  component  of  this  alternative  would  be  the  future 
action  elements  consisting  of  flood  control  storage  at  Big  River 
Reservoir  and  the  regulation/management  of  Seituate  Reservoir.  When 
combined  with  the  above  system,  a  benefit  to  cost  of  ratio  slightly 
above  unity  would  be  realized. 
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6.47  Alternative  D.  This  alternative  would  consist  of  the 
same  two  local  protection  projects  discussed  previously  -  the 
Warwick  Avenue  Local  Protection  and  the  Elmwood  Local  Protection 
Projects. 

6.48  The  protective  measures  evaluated  for  the  combined 
Elmwood  Avenue-Warwick  Avenue  area  would  protect  the  same  area  of 
Warwick  (Zones  7,  8,  and  part  of  Zone  6)  as  considered  In  the  inter¬ 
mediate  screening  level.  However,  the  project  was  evaluated  in 
greater  economic  and  engineering  data.  Protection  of  this  Warwick 
area  to  the  SPF  level  was  determined  to  be  economically  justified. 
The  Warwick  local  protection  project  would  provide  a  benefit  of 
about  $1,450,000.  While  the  local  protection  project  for  compar¬ 
ative  purposes  would  protect  150  ownerships  that  are  subject  to 
flooding  at  the  100-year  flood  level,  it  is  standard  practice  to 
design  Corps  local  protection  projects  to  the  SPF  level  to  avoid  the 
false  sense  of  security  that  could  result  from  lower  levels  of 
protection.  Therefore,  the  Warwick  local  protection  project  would 
protect  450  ownerships:  9  industrial,  21  commercial  and  420 
residential. 

6.49  The  estimated  costs  for  the  projects,  evaluated  as  a 
system  were  $1,131,000  on  an  annual  basis.  The  overall  systems 
benefit  to  cost  ratio  is  1.28  to  1.0  excluding  the  area 
redevelopment  benefits. 

6.50  Another  component  of  this  alternative  would  be  the  future 
action  elements  consisting  of  flood  control  storage  at  Big  River 
Reservoir  and  the  regulation/management  of  Scituate  Reservoir.  As 
an  element  of  this  system,  the  project  would  have  a  benefit  to  cost 
ratio  in  excess  of  1.15  to  1.0. 

6.51  Alternative  F-.  This  alternative  consists  of  the  addition 
of  flood  control  storage  at  the  proposed  Big  River  Water  Supply 
Reservoir.  The  project  would  be  built  by  non-Federal  interests. 

The  plan  would  also  consist  of  a  management/regulation  of  both 
Scituate  and  Big  River  to  help  reduce  flood  stages  by  allowing  some 
flood  water  storage  at  Scituate  without  losing  any  water  supply 
potential.  As  Big  River  would  be  designed  for  flood  control, 
management  of  this  reservoir  is  less  critical. 

6.52  Benefits  for  the  flood  control  increment  at  Big  River  are 
realized  in  all  downstream  zones  from  the  confluence  of  Big  River 
and  the  South  Branch  down  to  and  including  Zone  8.  The  total  annual 
benefits  for  all  zones  combined  amounts  to  be  about  $620,000 
excluding  any  growth.  Figures  VI-3  and  VI-4  show  the  flooded  areas 
at  the  100-year  flood  and  standard  project  flood.  The  profiles 
accompanying  these  plates  show  the  reductions  that  can  be  expected 
with  flood  control  storage  at  the  Big  River  Reservoir. 
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0,53  The  project,  as  mentioned  previously,  is  not  justified  as 
a  single  purpose  flood  contro1  darn  but  when  considered  as  a 
component  of  the  rujor  w  iter  si.i.-ly  purpose  is  justified  for  flood 
control  when  cost-ai  located.  Tin.,  overall  B/C  ratio  is  about  1.4  to 
1.0 


6.54  Alternative  F.  This  alternative  would  consist  of  the  Nc- 
Action  program — one  that  local  interests  would  implement  in  the 
absence  of  a  corrective  Federal  assistance  program.  It  is  assumed 
that  local  interests  would  institute-  <>  program  for  controlling 
growth  w  thin  the  100-year  flood  plains,  at  least  the  minimum  zoning 
controls  required  for  eligibility  in  the  National  Flood  Insurance 
Program.  The  plan  would  be  equally  applicable  to  both  main  stem 
zones  and  all  major  tributary  streams. 

6.55  As  this  alternative  would  exclude  the  consideration  of 
structural  components,  reduction  in  flood  stages  for  alleviating 
damages  in  flood-p/one  areas  would  be  unattainable.  Some  intensif¬ 
ication  of  flood  problems  could  be  expected  in  varying  degrees 
because  of  continuing  urbanization  within  the.  basin  with  the 
program.  If  the  Nc-Act ioa  pro:, ram  is  not  implemented  as  a  minimum 
program,  flood  problems  are  expected  to  magnify  over  the  years. 

6.56  This  alternative  includes  the  only  means  aval  able  for 
compensating  losses  due  to  flooding,  through  municipal  and  indi¬ 
vidual  participation  in  the  National  Flood  Insurance  Program. 
However,  flood  losses  would  be  only  partially  covered,  an  there  are 
no  existing  provisions  for  compensating  policy  holders  for  non¬ 
physical  losses,  such  as  expenses  for  lodging  during  dwelling 
rehabilitation  or  loss  of  income  or  profit  while  a  commercial  oh 
manufacturing  firm  is  temporarily  closed.  In  addition,  the 
uninsured  would  receive  no  monetary  compensation;  such  a  condition 
could  result  if  all  municipalities  do  not  participate  in  the 
National  Flood  Insurance  Program.  Without  strict  adherence  to  the 
provisions  of  the  National  Flood  Insurance  Program,  which  includes 
the  requirement,  that  flood  plain  zoning  to  the  100-year  event  be 
instituted,  future  flood  losses  along  the  main  stem  alone  would  far 
exceed  $5,000,000  annually,  including  new  development  that  could  be 
expected  during  the  next  25  years  at  a  conservative  growth  rate. 
These  estimated  losses  to  potential  growth  development  within  the 
flood  plains,  In  excess  of  $2,000,000  annually,  are  based  on 
analysis  and  projections  of  past  development  trends  in  the  flood 
plains. 


6.57  Alternative  G.  This  alternative  consisted  of  the  21  foot 
diameter  Natick  Diversion  tunnel  and  the  Warwick  Avenue  local 
protection.  This  alternative  is  the  same  as  Alternative  C  except 
that  the  Elmwood  Avenue  local  protection  has  been  dropped  from 
consideration.  With  our  protection  scheme,  the  estimated  costs  are 
$4,000,000.  The  total  benefits  or  damages  prevented  are  equal  to 
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$4,300,000,  resulting  in  the  benefit  to  cost  ratio  of  1.08  to  1.0. 
Because  this  system  has  the  overall  highest  benefit  to  cost  ratio  it 
is  designated  as  the  National  Economic  Development  (NED)  plan. 

6.58  A  late  stage  public  meeting  was  held  in  Warwick  on 
October  14,  1976.  At  that  time  the  Corps  recommended  plan  was 
Alternative  B.  There  was  a  definite  lack  of  support  for  this  plan 
primarily  for  two  reasons.  Many  local  people  thought  that  the  cost 
was  too  high  and  that  there  were  too  many  unanswered  questions 
concerning  the  environmental  effects  of  di  ■■  rting  flood  waters  into 
Apponaug  Cove  and  Narragansett  Bay.  Since  there  was  support  that 
something  should  be  done,  further  studies  were  then  conducted  to 
ccme  up  with  a  publically  acceptable  plan. 

6.59  About  this  same  time  it  became  evident  that  the  State  of 
Rhode  Island  was  interested  in  the  Corps  of  Engineers  as  the 
planner-designer  of  the  Big  River  project,  and  if  justified  and 
environmentally  acceptable,  construct  the  complex.  This  necessi¬ 
tated  a  more  accurate  hydrological  determination  as  to  effects 
downstream  created  by  the  Big  River  Reservoir  impoundment.  Although 
final  answers  were  not  available,  and  in  order  to  expedite  as  much 
as  possible  the  already  delayed  project  report,  a  final  stage  public 
meeting  was  held  on  May  19,  1977. 

6.60  A  new  plan,  Alternative  H,  was  presented  at  the  meeting. 
It  consisted  of  local  protection  projects  at  Elmwood  Avenue  and 
Warwick  Avenue.  Another  component  of  this  plan  consisted  of 
implementing  flood  control  storage  at  the  Big  River  Reservoir,  which 
would  be  constructed  by  the  Corps.  Since  detailed  river  stage 
reductions  afforded  by  Big  River  were  not  yet  available  it  was  not 
known  what  the  exact  heights  of  the  local  protection  projects  would 
be.  The  public  was  informed  that  the  Corps  would  continue  to  study 
this  point. 

6.61  After  thorough  investigation  it  was  learned  that  the 
Elmwood  Avenue  project  would  need  to  be  raised  by  one  to  two  feet 
higher  than  originally  planned  in  conjunction  with  Big  River.  In 
order  to  raise  and  stabilize  the  dike  at  Elmwood  Avenue  a  20-foot 
wide  berm  would  be  necessary.  This  modification  greatly  increased 
the  cost  of  the  project  and  resulted  in  its  not  being  economically 
justified.  Even  though  the  area  is  warranted  some  form  of  protec¬ 
tion,  a  local  protection  project  would  far  exceed  the  costs  even 
with  potential  environmental  (social)  tradeoffs.  Thus,  any  further 
consideration  for  a  local  protection  project  for  the  Elmwood  Avenue 
area  based  on  updated  costs  cannot  be  considered. 

6.62  The  second  plan  evolving  from  the  reformulation,  Alter¬ 
native  I,  consists  of  the  multi-use  Big  River  Reservoir,  the  Warwick 
Avenue  local  protection  and  a  proposal,  called  the  Norwood  Land 
Bank,  whereby  the  most  flood-prone  homes  in  the  Elmwood  Avenue  area 
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would  be  purchased  by  Federal  int  rests.  The  same  non-structura  ’ 
alternatives  as  considered  with  ail  the  previous  plans  would  alse  be 
applicable  to  this  scheme.  The  elevations  of  the  Warwick  Avenue 
protection  would  be  the  same  as  that  considered  tinder  the  previous 
alternative.  The  difference  is  that  the  consideration  for  a  local 
protection  project  for  Elnwood  Avenue  has  been  replaced  by  a 
proposal  for  outright  purchase  of  33  homes.  As  also  with  the 
previous  alternative,  Big  River  would  be  planned,  designed  and  if 
economically  and  environmentally  justified  built  by  the  Corps  of 
Engineers. 

6.63  The  benefits  attributed  to  the  Warwick  Avenue  local 
protection  and  Big  River  Reservoir  are  the  same  as  has  been 
calculated  under  the  previous  alternatives.  The  benefits  for  the 
Norwood  Land  Bank  consist  of  determining  the  annual  residual  losses 
to  the  affected  homes  after  modification  from  Big  River  Reservoir. 
The  annual  damages  are  then  converted  to  a  present  worth  value  using 
a  fifty  year  life  and  the  prevailing  interest  rate  of  6  and  5/8 
percent.  The  benefits  are  only  considered  for  events  up  to  a  .5 
percent  natural  event,  approximately  equal  to  a  one  percent  event 
after  modification  by  Big  River  Reservoir's  flood  storage.  The 
total  systems  benefits  are  equal  to  $2,058,000  as  shown  below. 

Benefits  to  Big  River  $  725,000 

Benefits  to  Warwick  Avenue  $1,173,000 
Renefits  to  Norwood  Land  Bank  $  360,f!Q0 

The  total  annual  cost  for  the  protection  system  is  $1,3:5,000. 

Thus,  the  total  benefit  to  cost  ratio  is  1.56  to  1.0. 

6.64  Alternative  J.  Current  regulations  and  review  require¬ 
ments  necessitate  the  presentation  of  a  non-structural  plan  among 
the  final  alternative  plans.  Non-structural  measures  include  flood 
proofing,  relocation,  and  regulatory  measures  to  minimize  flood 
loss.  As  regulatory  and  future  action  measures  are  included  in 
other  alternatives,  flood  proofing  and  relocation  will  be  addressed 
alone  for  this  alternative. 

6.65  Flood  proofing  consists  of  those  adjustments  to  struc¬ 
tures  which  are  designed  or  adopted  primarily  to  reduce  visiting 
flood  damages.  These  adjustments  usually  consist  of  barriers  on 
windows  and  doors;  a  watertight  membrane  surrounding  interior  walls, 
and  interior  drainage  control.  A  number  of  other  flood  proofing 
schemes  are  also  possible.  Relocation  would  be  required  when  the 
potential  flood  waters  exceed  the  limits  of  the  flood  proofing. 

6.66  The  governing  regulation  for  determining  benefits  on  non- 
structural  measures  for  relocations  is  contained  in  ER  1105-2-353. 
Most  of  the  traditional  type  annual  damages  cannot  be  claimed  as  a 
benefit  if  either  relocation  or  evacuation  is  planned.  The  only 
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allowable  means  for  claiming  benefits  consists  of  determining  the 
net  Income  earned  by  activities  occupying  the  flood  plain  with  the 
project  plus  that  portion  of  the  flood  damages  reduced  by  the 
project  which  is  not  borne  by  the  non-flood  plain  occupants. 
Structures  such  as  Ciba-Geigy,  the  Warwick  Mall,  the  Warwick 
industrial  Park,  Bulova,  the  Pontiac  Print  Works  Building  and  the 
Jefferson  Av-  aue  Industrial  Park  cannot  realistically  be  either 
flood  proofec  or  relocated.  Mos*"  of  these  buildings  are  slabs  on 
grade  type  of  onstruction  with  concrat.  block  wall  construction  and 
extensive  use  of  gless  f roats/windows.  With  the  heights  of  water  to 
be  encounter  i  the  block  walls  and/or  glass  cannot  be  flood  proofed 
necess Itatlng  relocation  according  to  tha  Intent  of  the  regulations. 
At  the  Ctba-Galgy  complex  an  additional  fallacy  of  the  flood  proofed 
requirements  is  evident.  Many  of  the  first  floods,  as  well  as 
subfloors  are  inundated  for  the  complex  housing  about  twenty  plus 
major  structures.  Most  range  In  size  between  six  to  ten  stories. 
They  presently  need  expansion  for  Increased  production.  However, 
they  do  not  have  any  available  land  to  expand  upon.  If  they  would 
be  forced  to  eliminate  usage  of  the  flood  damaged  floors,  they  could 
conceivably  rove  elsewhere,.  This  would  cost  the  local  community 
roughly  1000  jobs.  The  same  can  be  said  of  some  of  the  above 
areas,  la  addition  to  the  loss  of  jobs  created  by  the  flood  plain 
e  vacua ’■ion,  a  large  Increase  In  taxes  would  be  necessary  to  offset 
the  now  vacanf  lands. 

6.67  The  firms  and  areas  mentioned  in  the  preceding  paragraphs 
constitute  over  90  percent  of  the  existing  flood  damages. 
Summarizing,  It  is  not  logLcal  nor  practical,  nor  economically 
feasible  to  flood  proof  or  relocate  these  elements.  However,  in 
compliance  with  current  requirements  the  non-structural  plan  is 
included  in  the  Systems  of  Accounts  (detailed  analysis  can  be  found 

4  n  the  Main  Report  and  Technical  Appendices).  As  is  evident,  the 
plan  falls  far  short  of  the  required  benefit  to  cost  criteria 
necessary  for  project  implementation.  Thus,  consideration  of  this 
measure  cannot  be  recommended  for  Federal  involvement. 

6.68  Di.  iplay  o f  Alternative  Plan  Effects  -  System  of  Accounts. 
This  is  a  graphical  presentation  of  the  alternatives  selected  in  the 
previous  step.  It  provides  a  technique  to  reflect  the  adverse  and 
benefl  lal  effects  of  each  alternative  so  that  these  effects  can  be 
reudil  •  discerned  and  tradeoffs  between  alternative  plans 
compared.  It  analyzes  the  alternatives  by  geographic  region  for 
thetr  resultaet  effects  on  National  Economic  Development  (NED), 
Environmental  Quality  (KQ),  Social  Well-Being  (SWB)  and  Regional 
Development  (RD). 

6.69  A  detailed  description  of  this  step  can  be  found  in 
Appendix  2  of  the  Technical  Appendices  to  the  Main  Report. 
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6.70  Selection  of  ■’•he  Best  Alternative  Plan.  Ten  alternate  e 
plans  were  developed,  bu"  because  ol  the  duration  of  the  plaa  fo.*mu- 
latlon  and  screening  processes  several  plans  either  lack  the  re¬ 
quired  economic  justification  or  were  not  acceptable  to  local 
interests.  Those  alternatives  that  included  the  Natick  Diversion 
(A,  B,  C,  &  G)  were  not  acceptable  because  of  possible  adverse 
Impacts  to  Apponaug  Cove.  Alternatives  D  and  H  included  a  local 
protection  project  at  Elmwood  Avenue  (Norwood).  After  detailed 
analysis  it  was  determined  that  the  latter  project  was  not  viable 
from  a  benefit-cost  point  of  view. 

6.71  The  plan  that  provides  the  largest  net  NED  benefits  to 
the  largest  portion  of  the  watershed  is  Plan  G  consisting  of  a  71- 
foot  diameter  Natick  Diversion  tunnel  and  the  Warwick  Avenue  local 
protection  project.  Also  considered  would  be  the  non-structural 
elements  such  as  participation  in  the  National  Flood  Insurance 
Program,  the  future  action  program,  and  the  addition  of  6"  of  flood 
control  storage  onto  the  Big  River  Water  Supply  reservoir  to  be 
built  by  non -Federal  interests.  As  such  this  plan  is  called  the  NED 
plan  and  provides  the  highest  degree  of  protection  at  the  least  cost 
to  the  largest  area.  The  previously  recommended  NED  plan  (October. 
1976)  was  Alternative  B. 

6.72  Environmental  impacts  vary  according  to  alt  :i:r.  \Uvrcs. 

Once  again.  Alternatives  A,  B,  C,  &  G  had  potent! c  .  harmful  impacts 
to  Apponaug  Cove,  and  were  unacceptable  to  local  peo:  o.  Adverse 
impacts  for  environmental  quality  would  occur  during  !">n  . 'Destruc¬ 
tion  phases  for  any  of  the  structural  plans  presented  ia  he  system 
of  accounts  (Appendix  2  of  the  Technical  Appendices  to  the  Main 
Report).  Of  all  the  alternative  plans.  Alternative  I  is  the  r>"< 
that  is  the  least  disruptive  to  the  environment  and  as  such  is  the 
F,Q  (Environmental  Quality)  plan.  (Plan  J,  the  non-structural  plan, 
Is  not  a  viable  alternative). 

6.73  All  displayed  structural  alternatives  have  positive 
impacts  under  the  Social  Well-Being  account.  The  impacts  are  the 
most  favorable  for  Alternative  B  (30-foot  diameter  diversion  tunnel 
and  the  two  Warwick  local  protection  projects.  They  afford  the 
highest  security  possible  against  flooding).  The  major  significant 
negative  impact  would  apply  to  Alternative  B,  D,  H,  I  and  J  where 
significant  relocations  would  be  required.  Alternative  B  would 
require  seven  relocations,  D-6,  H-approximately  10,  I  about  40,  and 
J  about  40-54.  Although  Plan  D  is  no  longer  feasible  because  of  the 
subsequent  foundations  investigations  and  limited  reduced  heights 
due  to  the  Big  River  Reservoir  complex.  The  homes  to  be  relocated 
under  Plan  I  are  those  that  have  been  or  are  subject  to  major 
flooding  potential  in  the  Norwood  peninsula  area.  All  plans 
considering  the  Natick  Diversion  will  require  the  taking  of  one  home 
at  the  intake  structure. 


6.74  Although  construction  in  an  urban  area  is  normally  a  neg¬ 
ative  social  impact,  analysis  by  this  office  in  the  impacted  area 
did  not  prove  this  to  be  true.  The  people  and  establishments  adja¬ 
cent  to  the  proposed  walls  and  dikes  are  subject  to  constant  flood¬ 
ing  and  hardships.  They  generally  view  the  construction  activities, 
i.e. ,  the  increased  noise,  traffic  etc,,  as  a  short  term  loss,  and 
in  exchange  they  are  gaining  a  lifetime  protection  against  the  flood 
threats  which  have  constantly  Interfered  with  their  nor’tnal  opera¬ 
tions. 


6.75  Under  the  Regional  Development  account,  all  structuri 
measures  would  have  positive  impacts.  Construction  activities  would 
produce  many  new  jobs  and  increase  spending  in  the  area.  The 
industrial  and  commercial  establishments  along  the  river  would  be 
afforded  a  high,  if  not  complete,  degree  of  protection  against 
flooding,  and  that  could  induce  them  to  expand  their  operations.  As 
they  expand,  more  permanent  type  jobs  would  be  created.  All  of  the 
anticipated  land  growta  or  urban  factors  would  conform  with  the 
proposed  land  use  and  zoning  criteria  currently  available  from  the 
impacted  municipalities. 

6.76  Of  the  ten  alternative  plans  the  one  that  best  provides 
the  needed  flood  protection  and  is  responsible  to  local  demands  1b 
Alternative  I.  It  is  also  the  plan  that  is  least  disruptive  to  the 
natural  environment,  and  as  such  is  designated  as  the  EQ  plan. 
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7.00  THE  RELATIONSHIPS  BETWEEN  LOCAL  USES  OF  MAN'S  ENVIRONMENT 
AND  THE  MAINTENANCE  AND  ENHANCEMENT  OF  PRODUCTIVITY 

7.01  The  flood  protection  afforded  by  the  project  will 
significantly  reduce  potential  flood  damages  to  existing  structures 
located  along  the  river.  This  is  an  immediate  short-term 
enhancement. 

7.02  The  long-term  productivity  f  the  project  area  will  be 
affected  by  the  proposed  plan.  The  loss  of  riparian  habitat  will 
reduce  the  long-term  productivity  of  wildlife  along  the  river.  New 
development  in  flood  protected  areas  will  also  have  an  effect  on 
productivity.  This  development  should  be  regulated  at  a  local  level 
so  that  it  conforms  to  comprehensive  land  use  plans.  Furthermore, 
this  development  should  be  environmentally  sound.  Economic 
development  versus  conservation  and  recreational  land  use  is  an 
issue  which  should  be  determined  at  the  local  level. 

7.03  The  Pawtuxet  River  is  one  of  the  most  important  environ¬ 
mental  resources  in  central  Rhode  Island.  For  many  years  it  has 
been  polluted  and  largely  neglected.  However,  in  recent  years, 
projects  for  the  control  of  pollution  and  the  treatment  of  effluents 
have  improved  the  Pawtuxet's  water  quality.  The  continuation  of 
these  projects  will  make  the  river  a  valuable  environmental  resource 
for  recreation,  fish  and  wildlife  and  aesthetic  enjoyment. 
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8.00  IRREVERSIBLE  AND  IRRETRIEVABLE  COMMITMENTS  OF  RESOURCES 


8.01  Implementation  o£  the  proposed  project  would  result  in 
the  irreversible  and  irretrievable  commitment  of  various  resources 
in  the  region.  Concrete,  rock  and  earth  fill  would  comprise  the 
bulk  of  material  resources  that  would  be  needed  to  construct  the 
project.  Earth  fill  and  concrete  are  available  in  sufficient 
quantities  and  would  not  become  scarce  because  of  the  project.  Rock, 
would  have  to  be  obtained  from  quarries  in  the  region. 

8.02  The  loss  of  approximately  20  acres  of  riparian  habitat 
will  be  cleared  for  the  v7alls  and  dikes,  which  would  be  an 
irreversible  commitment  of  one  land  use  to  another.  Furthermore, 
the  loss  of  conservation  land  in  the  Pawtuxef  Resevation  resulting 
from  channelization  would  now  be  land  that  could  be  committed  to 
another  use  as  determined  by  local  authorities.  A  net  loss  of 
approximately  24,000  square  feet  of  stream  habitat  and  1200  feet  of 
potential  streambank  access  would  also  result  from  channelizing  the 
river. 


9.00  COORDINATION 


9.01  The  Governor  of  Rhode  Island  designared  rhe  Rhode  Island 
Water  Resources  Board  as  the  official  State  liaison  for  the  Pawtuxet 
River  Study.  Primary  coordination  with  Rhode  Island  State  and  local 
interests  were  made  through  that  office. 

9.02  Direct  contact  has  been  made  with  the. State  Historic 
Preservation  Officer  and  his  staff.  Site  reconnaissance 
archaeological  surveys,  including  an  underwater  survey  of  the  '"loor 
of  Apponaug  Cove,  were  made. 

9.03  To  afford  citizens,  municipal  and  State  officials  sad 
representives  of  other  Federal  agencies  an  opportunity  to  present 
their  views  and  desires  concerning  the  need  and  extent  of  flood 
reduction  measures  and  other  interrelated  water-oriented  resources, 
four  pubic  hearings  were  held  at  the  initiation  of  the  study  on.  9, 
12,  L5,  and  22  May  1959.  Though  these  four  public  hearings  were 
intended  to  cover  the  entire  Pawcatuck  River  and  Narragansett  Bay 
Drainage  Basin  (PNB)  study  area,  as  mandated  by  seven  Congressional 
Resolutions,  two  of  these  hearings  were  held  in  Providence  and 
Kingston,  Rhode  Island- — two  areas  contiguous  to  the  Pawtuxet  River 
Basin. 


9.04  All  interested  parties  were  invited  to  bo  present  or 
represented  at  these  hearings,  including  representatives  of  Federal, 
State,  county  and  municipal  agencies/and  those  commercial,  indus¬ 
trial,  civic,  highway,  railroad,  water  transportation  and  flood 
control  interests  and  concerned  property  owners.  They  were  afforded 
full  opportunity  to  express  their  views  concerning  the  character  and 
extent  of  the  improvements  desired  and  the  need  and  advisability  of 
their  execution.  The  sponsors  of  improvement  measures  were  urged  to 
present  pertinent  factual  material  bearing  upon  the.  general  plans  of 
Improvement  desired  and  to  give  detailed  supporting  data  on  the 
economic  justification  of  the  undertaking.  Opposing  interests  were 
also  urged  to  state  the  reasons  for  their  position. 

9.05  Subsequent  to  those  meetings,  approximately  20  informal 
meetings  were  held  with  State  and  municipal  interests  and  approx¬ 
imately  25  informal  meetings  were  held  with  concerned  citizens. 
Informal  contacts  with  key  Federal  and  State  agences  and  approxi¬ 
mately  20  field  contacts  also  furthered  the  progress  of  the  studies. 

9.06  Two  plan  formulation  public  meetings  were  held  on  6  and  8 
May  1975  Warwick  and  Cranston,  Rhode  Island,  respectively.  The 
purpose  of  these  meetings  was  to  present  all  of  the  alternative 
plans  developed  during  the  investigation  and  to  incorporate  public 
desires  in  plan  formulation  and  choice,  of  the  most  desirable 
alternative.  Subsequent  to  these  meetings,  nearly  100  field 
contacts  were  made,  several  informal  meetings  were  held  with 
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citizens  groups,  approximately  20  informal  contacts  were  made  with 
State  and  municipal  interests  and  nearly  50  informal  contacts  were 
made  with  Federal  environmental  and  fishery  interests. 

9.07  During  the  fall  of  1976,  a  draft  of  the  Pawtuxet  River 
Study  was  released  for  public  review  and  presented  at  a  public 
meeting  on  14  October.  Accompanying  the  report  was  a  draft 
Environmental  Impact  Statement.  At  that  time  the  Selected  Plan 
included  the  Natick  Diversion  and  the  Warwick  Avenue  Local 
Protection  Proie-'  t,  and  the  Elnwood  Avenut  . oca  1  Protection  Project 
supplemented  by  future  measures.  Since  there  was  lack  of  local 
support  for  the  Selected  Plan,  other  studies  were  conducted  that 
would  involve  less  cost  and  less  impact  on  Apponaug  Cove. 

9.08  A  final  public  meeting  was  held  on  19  May  1977  to  present 
plans  to  the  public.  At  that  time,  Alternate  D,  which  consisted  of 
the  local  protection  projects  at  Elmwood  Avenue  and  Warwick  Avenue, 
Big  River  Reservoir  and  future  measures  would  yield  less  flood 
protection  than  Alternate  B  (Natick  Diversion)  but  it  would  cost 
less  and  would  have  no  impact  on  Apponaug  Cove.  Those  attending 
responded  favorably  to  the  Corps'  pursuing  plans  toward  implementing 
Alternate  D. 

9.09  After  detailed  studies  it  was  found  that  Alternate  D  was 
not  implementable  due  to  economic  reasons.  The  Elmwood  Avenue  Ll.P 
was  not  economically  justified. 

9.10  A  revised  Selected  Plan  (Alternate  I)  was  then  developed. 
This  alternate  included  a  proposal  for  a  Norwood  Land  Bank  which 
would  give  assistance  to  flood  prone  residents  near  Elnwood  Avenue. 
Included  in  this  alternate  plan  was  the  local  protection  project  at 
Warwick  Avenue  and  flood  control  storage  at  the  Big  River  Reservoir 
along  with  future  measures. 
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10.0  COMMENT  AND  RESPONSE 


When  the  Draft  SIS  .■•as  released  in  1976  the  selected  plan 
included  the  Natick  Diversion,  which  would  have  transferred  flood 
waters  from  the  Paw t axe t  River  through  a  tunnel  and  finally  emptying 
into  Apponaug  Cove  and  Greenwich  Say.  This  element  of  the  selected 
plan  was  not  acceptable  to  the  public,  which  voiced  i  ts  oppoc.it '.  in 
at  a  Public  Meeting  in  October,  1^76,  in  Warwick.  The  major 
concerns  about  the  diversion  centered  on  the  high  costs  and  possible 
adverse  environmental  impacts  to  Apponaug  Cove  and  the  shellfish 
industry  if  freshwater  were  mixed  with  the  salt  water  in  the  cove. 
Numerous  letters  on  the  Draft  EIS  opposed  the  diversion.  Due  to 
this  and  the  overwhelming  public  opposition  at  the  meeting,  the 
Natick  Diversion  was  dropped  from  consideration  as  an  element  in  any 
flood  control  scheme.  There  were  numerous  comments  concerning  the 
proposed  Natick  Diversion.  Since  It  is  no  longer  being  considered, 
comments  anu  questions  about  it  will  not  be  addressed. 
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COMMENT: 


1-1 


The  impacts  to  resources  as  they  are  expected  to  be 
over  the  entire  project  life  of  100  years  should  be  addressed  more 
fully. 


RESPONSE:  Estimating  or  trying  to  predict  the  future 
of  an  area  and  its  resources  is  very  difficult.  The  Pawtuxet  River 
basin  is  presently  highly  developed.  Over  the  next  hundred  years 
growth  will  occur  and  the  taxing  and  consuir^  ion  of  resources  will 
likewise  increase.  Destruction  of  natural  resources  will  decrease, 
though,  over  time  as  there  will  be  less  resources  available  for 
use.  The  impact  of  the  selected  plan  on  future  resources  will 
largely  be  in  the  hands  of  the  State  and  local  officials.  The  plan 
may  give  a  false  sense  of  security  to  communities  which  may  in  time 
feel  it  is  ''safe'1  to  develop  lands  in  the  flood  plain;  thereby 
depleting  the  resource  base.  The  objective  of  the  proposed  plan  is 
to  help  safeguard  the  natural  and  manmade  resources  of  the  basin 
both  now  and  over  the  next  hundred  years. 

COMMENT:  1-2 

The  impacts  of  sedimentation  should  be  reevaluated 
since  presently  Pawtuxet  Cove  has  to  undergo  maintenance  dredging 
every  eight  to  ten  years. 


RESPONSE:  Sedimentation  in  Pawtuxet  Cove  is  caused  by 
two  factors,  the  river  and  the  ocean.  Presently,  the  ocean 
contributes  to  the  sediments  in  the  cove.  The  proposed  project  will 
not  impact  on  the  effect  of  the  ocean.  The  proposed  Big  River 
Reservoir  will  most  likely  reduce  sedimentation  which  is  carried  in 
the  river.  Since  the  basin  is  small  and  because  of  numerous 
existing  small  dams  on  the  river,  it  is  felt  that  the  impact  of 
sedimentation  will  still  be  minor. 

COMMENT:  1-3 

By  channeling  the  river  near  the  Warwick  Industrial 
Park,  will  eight  acres  of  current  recreation  land  (Pawtuxet 
Reservation)  be  converted  to  industrial  use? 

RESONSE:  This  land  would  be  adjacent  to  the  indus¬ 

trial  park  and  could  possibly  be  developed  in  conjunction  with  the 
existing  use.  This  decision  would  have  to  be  made  on  the  local  or 
State  level.  (See  paragraph  4.02) 

COMMENT:  1-4 

The  report  has  suggested  no  alternative  remedies 
available  if  future  resource  losses  prove  to  be  significant. 


REPONSh;  The  comment  is  directed  toward  effects  O- 
the  previously  recommended  Natick  Diversion  end  the  resources  of 
Apponaug  Cove  and  Greenwich  Bay.  The  diversion  has  been  dropped 
from  consideration  due  to  overwhelming  public  opposition. 

COMMENT;  1-5 

Plan  I)  has  been  dost  mated  as  the  EQ  (Environment  -  ! 
Qualify)  Pi  .!)■  Ir  was  our  understanding  that  the  EQ  Plan  was  one 
which  enhances  by  management,  conser .  tion,  preservation,  creation, 
restoration  or  improvement,  the  quality  of  certain  natural  and 
cultural  resources  and  ecological  systems  in  the  study  area.  We 
question  whether  or  not  Plan  D  fits  this  criteria. 

RESPONSE:  At  the  time  when  the  draft  EIS  was  first 
released  the  EQ  Plan  was  Flan  F>,  and  was  the  plan  which  was  the 
least  J Lsruuttve  to  t  e  environment.  The  plan  would  improve  the 
quality  or  -.or tain  resources  but  would  degrade  others.  Whether  or 
not  Plan  P  wade  net  positive  cont;  ibufloro  to  the  environmental 
qualify. ot  the  area  was  difficult  to  de  ermine.  The  Corps  of 
Engineers  F.R  1  105-2-2  0  states  tie  r  in  some  cases  it  may  be  impos¬ 
sible  to  develop  a  plan  which  meets  the  minimum  requirements  of  an 
EQ  plan.  In  those  cases  the  plan  that  is  the  least  environmentally 
damaging  will  be  designated  as  the  EQ  plan.  SJ r • a  •’  ’raft  EIS  was 
filed,  a  number  of  other  alternative  plans  were  devtr  red.  The 
current  EQ  plan  is  Alternative  I  and  ir-  described  in  Section  6  of 
the  EIS. 


COMMENT:  1-6 


Plan  I)  should  evaluate  the  possibility  of  eliminating 
channel  relocation  and  study  locating  a  dike  on  the  southern  bank  of 
the  meander  in  the  river. 

RESPONSE:  During  the  planning  stages  this  was  studied 
and  it  was  determined  that  the  costs  to  do  it  would  be  more  than  the 
channelization  work.  Also,  the  hydraulics  of  the  river  would  be 
affected  slightly  by  following  the  existing  river  course.  The  river 
flow  would  become  slightly  more  sluggish  and  would  not  flow  as 
smoothly  and  efficiently. 
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COMMENT: 


2-1 


Sludge  deposits  from  treatment  plants  which  are 
currently  stored  along  tha  river  could  pose  a  problem  to  the  water 
quality  of  the  Pawtuxet  as  a  result  of  surface  runoff  and  not  just 
during  flooding  events. 

RESONPSE:  This  is  true  and  is  most  probab’ly  occuring 

at  present. 


COMMENT:  2-2 

The  impacts  of  sedimentation  due  to' tha  project  should 
be  reevaluated  since  dredging  is  required  every  8  to  10  years  in 
Pawtuxet  Cove. 


RESPONSE:  See  Response  1-2. 

COMMENT:  2-3 

We  believe  that  the  straightening  of  the  river  near 
the  Pawtuxet  Reservation  is  a  major  environmental  inpact  and  should 
be  so  stated  in  the  final  ETS. 

RESPONSE:  It  is  noted  the  "straightening  and  filling 

of  the  River  near  the  Warwick  Industrial  Park  will  have  long  term 
impacts  to  both  aquatic  and  terrestrial  habitat."  (See  paragraph 
5-07  under  the  section  dealing  with  Probable  Adverse  Environmental 
Impacts  that  Cannot  be  Avoided. ) 

COMMENT:  2-4 

Tne  project  should  be  coordinated  with  the  Coastal 
Resources  Management  Council  of  Rhode  Island  since  the  State  did  not 
have  an  approved  CZM  plan. 

RESPONSE:  At  the  time  of  the  submittal  of  the  draft 
EIS  the  selected  plan  included  the  Natick  Diversion,  which  would 
have  discharged  flood  waters  into  Apponaug  Cove  and  Greenwich  Bay. 
This  diversion  had  the  potential  to  do  environmental  damage  to  both 
commercial  and  recreational  interests.  This  plan  has  been  dropped 
from  consideration.  It  is  not  anticipated  that  the  final  selected 
plan  will  adversely  effect  the  coastal  environment  and  its 
resources. 
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COMMENT : 


3-1. 


Why  wasn't  relocation  of  industry  to  other  areas 

considered? 

RESPONSE:  It  was  investigated  but  costs  to  do  that 

would  exceed  the  cost  of  the  protective  works. 

COMMENT:  3-2 

Section  4.08  shows  figures  tor  land  valuation  and  job 
expansion  potential.  Are  they  good  estimates?  Were  they  used  to 
compute  benefit  cost  calculations? 

RESPONSE:  If  a  dike  system  were  built  to  prevent 
flooding  at  the  Warwick  Industrial  Park,  more  land  that  is  currently 
undesirable  because  of  flooding  would  become  available  for  develop¬ 
ment.  Growth  trends  indicated  that  the  protected  land  would  in¬ 
crease  in  value  and  would  receive  pressure  to  be  developed.  In 
computing  the  benefit-cost  ratio,  land  enhancement  benefits  were 
taken  for  this  land  and  figured  into  the  B-C  ratio.  (A  detailed 
breakdown  of  the  benefit-cost  computations  can  be  found  in  the 
Technical  Appendices  to  the  Main  Report). 

COMMENT:  3-3 

We  question  whether  adequa.'e  at tent  !■■■>  h.-is  been  given 
to  construction  impacts  (sediment  loads,  spilled  fuel,  high  pH 
runoff  from  concrete). 

RESPONSE:  Construction  activities  will  impact  the 
project  in  varying  degrees.  These  impacts  are  discussed  in  Sections 
4.10  -  4.17  and  4.29  -  4.30.  Contractors  are  required  to  take  pre¬ 
cautions  to  prevent  accidents  on  the  job  site.  A  safety  plan  must 
be  submitted  to  the  Corps  of  Engineers  before  construction  work  can 
begin.  The  plan  describes  in  detail  how  accidents  will  be  pre¬ 
vented.  Also,  in  areas  where  erosion  could  occur  due  to  land 
runoff,  hay  bales  and  sediment  retention  basins  should  be  utilized 
to  prevent  contamination  of  the  river  and  other  natural  resources. 

COMMENT:  3-4 

"We  strongly  believe  the  alternative  plans  of  No- 
Action  and  Regulatory  Measures  should  be  given  further  considera¬ 
tion." 
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RESPONSE:  The  Nn-Aetion  plan  and  Regulatory  Measures 
were  carried  through  the  entire  planning  process.  Regulatory 
Measures  considered  were  the  National  Flood  Insurance  Program 
(NFIP),  flood  plain  regulations,  land  use  programs  and  others  (See 
Table  VI-1).  These  measures  are  meant  to  supplement  the  Corrective 
Measures  of  reservoirs,  walls  and  dikes,  hurricane  barriers,  flood¬ 
proofing,  etc.  By  themselves,  the  No-Action  and  Regulatory  Measures 
would  not  provide  significant  flood  protection  to  existing  homes  and 
industry  along  the  river. 
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COMMENT: 


4-1 


Several  major  structural  and  non-s tructural  obstruc¬ 
tions  within  the  riverbed  should  be  removed  to  restore  the  natural 
capacity  of  the  river.  They  include:  dumped  rubble,  obsolete 
foundations  to  old  dams  and  bridges,  sediments  behind  the  Broad 
Street  Dam  and  the  dam  itself,  and  a  20  ft.  high  concrete  earth- 
filled  wall  jutting  across  the  spillway  of  the  Broad  Street  Dam. 

RESPONSE:  Removal  of  s  ’..ese  obstructions  would  not 
make  a  significant  contribution  to  flood  control  on  the  lower 
Pawtuxet  River.  To  begin  with,  the  removal  of  such  objects  would 
only  have  a  minor  effect  on  ri vurl ne  flooding  and  no  effect  on  tidal 
flooding  in  the  lower  basin.  Secondly,  localized  obstructions 
generally  have  a  localized  effect.  Therefore,  effective  channel 
Improvements  would  have  to  consist  of  enlarging  the  channel  through 
deepening  and  widening.  Such  improvements  would  require  riprap 
(stone  protection)  protection  of  exposed  banks  and  due  to  the  cost 
of  bridge  modifications,  the  proposal  is  deemed  impractical, 
particularly  since  the  threat  of  tidal  flooding  would  still  remain. 

The  removal  of  the  Broad  Street  Dam  v;ould  rat  ale 'late 
the  flooding  problem.  Backwater  studies  were  perfcrjp.-  .J  -n  do*- '-'mine 
the  effects  of  complete  removal  of  this  dam.  During  1  •  r  -n'da • . 
project  riverine  flood  the  flood  stage  would  V;  red-v ....  u\  save' 
feet  at  the  dam  and  this  reduction  would  dim!  n?.sb  '  ■*'"  t*"r.  ]' 2 c o nil i ' 
insignificant  at  Warwick  Avenue,  Removal  of  thir.  da,  » J  have  the 
associated  impacts  of  returning  the  lower  Fawfuxet  to  a  tidal 
estuary  with  its  resulting  environmental  impact,  and  normal  river- 
flow  velocities  would  be  Increased  causing  possible  bank  erosion 
problems  if  protective  measures  were  not  provided.  Most  impor¬ 
tantly,  however,  removal  of  the  dam  would  do  nothing  to  protect  the 
lower  Pawtuxet  against  the  existing  threat  from  tidal  flooding. 

COMMENT:  4-2 

Scltuate  and  Flat  River  Reservoirs  should  be  utilized 
in  a  greater  capacity  for  flood  control  storage. 

RESPONSE:  The  idea  of  providing  flood  control  on  the 
Pawtuxet  River  by  either  regulating  or  adding  storage  at  Scltuate 
has  risen  many  times  over  the  years;  however,  it  is  noted  that 
Scltuate  already  provides  a  high  degree  of  control  over  its  water¬ 
shed.  During  many  freshets  the  entire  runoff  from  its  watershed  is 
stored  in  Scituate.  Depending  on  antecedant  storage  capacity,  and 
during  other  events  where  the  pool  is  at  or  nearly  full,  surcharge 
storage  in  the  lake  has  served  to  greatly  modify  and  desynchronize 
the  runoff  from  its  watershed.  Optimum  regulation  procedures  should 
be  employed  at  the  project  to  maximize  flood  control  and  at  the  same 
time  not  infringe  on  the  water  supply  yield. 
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In  order  to  raise  the  lake  at  Scituate  to  increase 
flood  control  storage  it  would  be  a  costly  procedure  to  outfit  the 
dam  with  new  appurtenant  flood  control  facilities,  and  therefore,  is 
not  considered  feasible.  Due  to  numerous  homes  around  the  lakes 
perimeter,  Increasing  the  water  height  at  Flat  River  is  also  not 
deemed  practical. 

COMMENT:  4-3 

Existing  dams  along  the  Pav/tnxet  should  be  utilized 
and  designed  in  a  coordinated  scheme  to  provide  for  flood  control. 

RESPONSE:  Existing  dams  were  investigated  and 
analyzed.  It  was  discovered  that  these  dams  had  insufficient 
storage  capacity  to  be  an  effective  element  in  a  flood  control 
system. 
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COMMENT : 


5-1 


Consideration  should  be  given  to  the  removal  of  the 
large,  winged  concrete  retaining  walls  at  Pawtuxet  Village  in 
Warwick  which  acts  as  an  obstruction  to  the  river. 

RESPONSE:  See  Response  4-1. 

COMMENT:  5-2 

Consideration  should  be  given  to  increase  the  height 
of  the  dikes  and  walls  for  the  local  protection  project  in  Warwick. 

RESPONSE:  The  original  selected  plan  included  the 
Natick  Diversion  which  effectively  diverted  large  volumes  of  flood 
waters  from  the  Pawtuxet  River  to  Apponaug  Cove.  Since  this  plan 
has  been  dropped  from  consideration  the  dikes  and  flood  walls  in 
Warwick  needed  to  be  raised  several  feet  in  order  to  provide  for 
standard  project  flood  (SPF)  protection. 

COMMENT:  5-3 

Consideration  should  be  given  to  straighten  and  dee"‘-n 
the  Pawtuxet  River  from  the  Mall  location  to  its  mouth  at  Pawt-ue 
Village. 


RESPONSE:  In  order  to  increase  the  capacity  of  the 
river  it.  would  have  to  be  widened  significantly  and  the  exposed 
banks  protected  with  riprap.  Bridge  modifications  would  make  this 
proposal  impractical.  See  Comment  4-1. 


I 
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COMMENT : 


6-1 


The  "probability''  that  t  ho  Federal  i/ivt-.'  ameut  may  pay 
for  the  additional  cost  of  the  flood  control  element  to  Big  River 
Reservoir  should  be  made  more  definite  and  not  require  it  to  hr 
abandoned  or  be  financed  by  the  State. 

Ri' SpONSE:  Traditionally  the  Federal  Government  w'  •Id 

pay  for  the  coat  'f  all  appurtenant  flood  control  structures.  :‘.e 
non-Federal  into  -..s’:  would  n.i\  to  provide  he  coots  of  all  la.v 
easements,  util i  tes,  etc.  There  is  legislation  ponding  which,  t 
passed,  would  tv  quire  that  the  non-Fede.ral  interest  pay  for  252  'f 
the  total  construction  cost.  It  is  not  clear,  at  present,  whether 
or  not  the  State  could  credit  the  cost  of  lands,  which  are  currently 
owned  by  them,  to  their  share  of  the  total  cost. 

COMMENT:  6-2 

A  joint  study  should  be  made  by  the  Ariry,  the  Federal 
Insurance  Administration,  and  the  Environmental  Protection  Agency. 

It  could  result  in  a  solution  that  would  be  of  more  immediate 
benefit,  less  costly,  and  less  damaging  to  the  environment. 

RESPONSE:  The  Corps  of  Engineers  has  been  charged  by 
Congress  to  study  the  Pawtuxet  River  Basin  to  evaluate  plans  for 
flood  control.  Numerous  alternative  plans  were  developed  offering 
different  degrees  of  protection.  The  EPA  currently  reviews  all 
alternatives  and  assesses  their  impacts  on  the  water  quality  and  the 
environment.  Many  other  Government  agencies  review  the  alternatives 
and  comment  on  the  impacts  which  they  feel  need  to  be  addressed  in 
more  detail.  The  Federal  Insurance  Administration  is  very  much 
interested  in  plans  which  advocate  wise  use  of  flood  plain  areas. 

The  process  of  studying  an  area,  identifying  problems,  recommending 
solutions,  and  implementing  measures  to  solve  problems  takes  a 
substantial  amount  of  time.  Due  to  regulations,  many  procedures 
must  be  undertaken  to  satisfy  different  groups.  For  all  projects, 
it  is  the  aim  of  the  Corps  to  develop  alternatives  which  are  of  the 
highest  benefit  to  public  and  also  which  impact  the  environment  in 
the  least  way. 
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COMMENT: 


7-1 


The  Corps  should  carefully  consider  to  develop  a  flood 
management  program  which  maximizes  non-structural  solutions. 

RESPONSE:  Non-structural  solutions  for  flood  control 
were  considered  during  every  phase  of  the  planning  process,  ric-ed 
proofing  buildings,  relocation,  flood  plain  zonin'g,  building  cooes, 
recommending  limiting  future  growth  In  the  flood  plain  were  aJ l 
investigated.  A  non-structural  alternative.  Alternative  J  was 
carried  through  the  planning  stages  even  though  the  flood  prc  >ring 
or  relocation  of  development  along  the  river  is  not  logical, 
practical,  or  economically  feasible. 

COMMENT:  7-2 

The  Corps  should  consider  channel  improvement  measures 
such  as  clearance  of  obstruction  in  Hu  H  m  and  restore  ion  of 
the  natural  riverbed. 

RESPONSE:  See  Comment  4-i. 

COMMENT:  7-3 

The  Corps  should  consider  strict  compliance  and 
enforcement  with  local  flood  plain  zoning  ordinance  as  defined  under 
the  National  Flood  Insurance  Program  (NFIP). 

RESPONSE:  Compliance  and  enforcement  of  flood  plain 
zoning  is  not  the  Corps  of  Engineers'  charge.  However,  the  Corps 
strongly  advocates  that  development  be  strongly  controlled  by  local 
communities  in  order  to  prevent  flood  damage  to  home  and  property. 

COMMENT:  7-4 

The  Corps  should  consider  establishment  of  local 
sedimentation  and  erosion  control  ordinances. 

RESPONSE:  The  responsibility  of  establishing  local 
sedimentation  and  erosion  control  ordinances  would  be  with  the  local 
community  and  the  Soil  Conservation  Service.  The  Corps  strongly 
recommends  such  establishment  to  prevent  the  degradation  of  water 
quality  which  may  affect  the  water  supply  and  recreation  needs  of  an 
area. 


COMMENT:  7-5 

The  Corps  should  consider  Improving  water  storage  of 
Scituate  Reservoir  and  also  designing  Big  River  Reservoir  for  flood 
surcharge  storage. 
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RESPONSE:  See  Comment  4-1.  The  Big  River  Reservoir 
is  being  designed  for  flood  control  storage  equivalent  to  six  inches 
of  runoff  over  a  drainage  area  of  about  30  square  miles.  This  can 
be  acconplished  by  increasing  the  height  of  the  dam  about  2.5  feet. 
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COMMENT: 


8-1 


Can  flood  control  storage  be  created  at  Scltuate 

Reservoir? 


RESPONSE:  Sec  Comment  4-2 

COMMENT:  8-2 

We  are  concerned  that  there  may  be  a  slight  Increase 
of  flooding  in  Cranston  caused  by  dikes  being  built  in  Warwick. 

RESPONSE:  The  proposed  walls  and  dikes  at  the  Warwick 
Industrial  Park  would  effectively  cut  off  low  lying  areas  that  get 
flooded  during  high  water.  The  effect  would  be  that  flooding  would 
increase  very  slightly  (several  inches),  but  only  in  that  are?  of 
Cranston  directly  across  from  the  walls  and  dikes.  Thcr  wouJ d  not 
be  an  increase  in  flooding  in  Cranston  upstream  f  om  the  industrial 
park.  The  slight  increase  in  flooding  would  be  eliminated  totally 
by  the  flood  control  storage  at  the  Big  River  Reservoir. 

COMMENT:  8-3 

We  would  like  to  be  assured  that  flood  control  storage 
at  the  Big  River  Reservoir  be  conpleted  and  all  engin  or ing  data 
confirmed  by  interested  R.I.  and  U.S.  Departments  before  the  start 
of  any  dike  and  wall  construction  in  Warwick. 

RESPONSE:  See  Comment  8-2.  Big  River  Reservoir  is 
currently  under  study  by  the  Corps  of  Engineers  as  requested  by  the 
State  of  Rhode  Island.  The  reservoir  is  planned  in  conjunction  with 
protective  works  in  Warwick.  At  present,  it  cannot  be  assured  that 
work  at  Big  River  be  completed  before  any  work  is  begun  at  Warwick. 
However,  even  if  protective  works  were  installed  in  Warwick  the 
effect  in  Cranston  would  only  mean  a  slight  increase  in  flooding  of 
several  inches  in  the  area  opposite  the  walls  and  dikes. 
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COMMENT: 


9-1 


The  Corps  should  study  the  alternative  of  dredging  the 
river  and  removing  obsolete  dams  and  bridges. 

RESPONSE:  See  Comment  4-1 

COMMENT:  9-2 

The  Corps  should  recommend  removal  of  obsolete  and 
demolished  manmade  objects  which  are  encroaching  on  the  river. 

RESPONSE:  See  Comment  4-1. 

COMMENT:  9-3 

The  Corps  should  recommend  remodeling  and  rehabilitat¬ 
ing  certain  existing  dams  on  the  river. 

RESPONSE:  See  Comment  4-3. 
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COMMENT:  iO-1 


Why  was  there  not  more  information  given  for  the 
Future  Action  Alternative  of  utilizing  a  combined  reservoir 
management  system  (the  Srituate  and  proposed  Big  River)  for  both 
flood  control  and  water  supply? 

RESPONSE:  At  the  time  that  the  draft  EIS  w'as 
released,  Big  River  Reservoir  was  just  in  the  preliminary  planning 
stages.  The  Corps  of  Engineers  was  proposing  that  if  the  State 
constructed  the  reservoir  that  flood  control  should  be  included  over 
and  above  the  water  supply  portion  of  the  project.  However,  in 
January  1978,  the  Corps  was  requested  by  the  Governor  of  Rhode 
Island  to  undertake  a  feasibility  study  for  both  water  supply  and 
flood  control  at  Big  River.  This  report,  including  an  Environmer tal 
Impact  Statement,  is  scheduled  >  or  completion  early  in  1980. 

Scituate  Reservoir  presently  provides  a  high  degree  of  flood  control 
storage  for  the  area.  (See  Comment  4-2. ) 

COMMENT:  10-2 

Why  wasn't  or  alternative  considered  utilizing  Federal 
funds  under  the  Corps  of  Engineers'  Small  Flood  Control  Project 
Regulations  for  Warwick  local  protection  barriers? 

RESPONSE:  Prior  to  studying  the  entire  Puwtuxet  River 

basin,  flood  prone  areas  in  Warwick  were  investigated  under  the 
Small  Projects  Regulations  (Section  205).  At;  that  time  the  upward 
limit  for  a  "small  project"  was  one  million  dollars.  At:  the  time 
that  these  small  projects  were  being  investigated  Congress 
authorized  that  the  Corp3  should  study  the  entire  Pawtuxet  River 
basin  for  flood  control.  Instead  of  doing  a  Detailed  Project  Report 
(DPR)  for  each  smalL  project  they  were  included  into  a  comprehensive 
plan  for  the  entire  basin. 

COMMENT:  10-3 

The  Corps  gives  estimates  on  market  values  for  land 
with  and  without  flood  protection  and  projected  increases  in  number 
of  jobs.  Which  studies  or  types  of  calculations  are  these  derived 
from? 


RESPONSE:  These  estimates  were  developed  from 
information  supplied  by  local  officials  from  the  planning  and 
assessing  departments  in  Warwick.  See  Section  4.06. 

COMMENT:  10-4 

What  Federal  regulations  dictate  adherence  to  the  SPF 
standard  of  protection? 
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RESPONSE:  The  alternative  measures  considered  for 
urban  areas  where  formulated  in  accordance  with  Engineering  Circular 
(EC  1105-2-47)  which  stipulates  that  the  standard  project  flood  is 
an  appropriate  level  of  protection  for  high  dikes  and  floodwalls  in 
urban  areas.  It  also  states  that  if  the  standard  project  flood 
protection  plan  is  unjustified  or  only  marginally  justified,  the 
level  of  protection  may  be  reduced  to  yield  a  more  economically 
feasible  plan  by  utilizing  alternative  flood  damage  reduction 
measures.  However,  reductions  in  the  level  of  protection  below  the 
standard  project  tlood  are  to  be  avoided  whenever  possible. 

COMMENT:  10-5 

The  R.I.  Department  of  Health,  Division  of  Air 
Pollution  Control  has  projected  violations  of  the  secondary  standard 
for  total  suspended  particulates  (TSP)  (60  ug/nr)  by  as  much  as 
50ug/mJ  in  Cranston  and  Warwick.  The  excavation  and  transportation 
of  earth  from  the  dikes  qualifies  as  a  source  of  TSP.  What  is  a 
reasonable  estimate  of  the  source  strength?  What  would  the 
contribution  to  TSP  levels  in  Warwick  and  Cranston  be  during  typical 
weather  conditions?  On  those  days  characterized  as  transport  days, 
what  contribution  will  the  source  be  to  TSP  levels  in  the  Providence 
business  district? 

RESPONSE:  Construction  activities  will  no  doubt  cause 
a  temporary  increase  in  the  levels  of  TSP.  Precautions  to  reduce 
the  dust  will  be  utilized  during  the  time  of  construction.  The  data 
that  is  sought  is  of  a  very  advanced  nature  that  would  not  be 
investigated  during  this  stage  of  project  analysis  and  design. 
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STUDY  AUTHORITIES 


This  report  is  submitted  in  partial  compliance  with  seven  Congres¬ 
sional  resolutions  that  authorized  the  Pawcatuok  River  and 
Narragansett  Bay  drainage  basins  (PNB)  study.  The  following 
resolutions  pertain  to  the  Pawtuxet  River  Basin: 

Resolution  adopted  on  29  March  1968  by  the  Committee  on  Public 
Works  of  the  United  States  Senate: 

"That  the  Board  of  Engineers  for  River  and  Harbors,  created 
under  Section  3  of  the  River  and  Harbor  Act  approved  June  13, 
1902,  be,  and  is  hereby  requested  to  review  the  report  on  Land 
and  Water  Resources  of  the  New  England  -  New  York  Region, 
transmitted  to  the  President  of  the  United  States  by  the 
Secretary  of  the  Army  on  April  27,  1.956,  and  subsequently 
published  as  Senate  Document  Numbered  14,  Eighty-fifth 
Congress,  with  a  view  to  determining  in  light  of  the  heavy 
damages  suffered  during  the  storm  of  March  1968,  in  southern 
New  England,  the  advisability  of  improvements,  particularly  in 
the  Pawcatuck  River  Basin,  Rhode  Island,  and  the  Narragansett 
Bay  Drainage  Basin,  Massachusetts  and  Rhode  Island,  in  the 
interest  of  flood  control,  navigation,  water  supply,  water 
quality  control,  recreation,  low-flow  augmentation,  and  other 
allied  water  uses." 

Resolution  adopted  on  10  July  1968  by  the  Committee  ".sblic 
Works  of  the  House  of  Representatives: 

"That  the  Board  of  Engineers  for  Rivers  and  Harbors  is  hereby 
requested  to  review  the  reports  on  the  Land  and  Water 
Resources  of  the  New  England-New  York  Region,  transmitted  to 
the  President  of  the  United  States  by  the  Secretary  of  the 
Army  on  April  27,  1956,  and  subsequently  published  as  Senate 
Document  Numbered  14,  Eighty-fifth  Congress,  with  a  view  to 
determining,  in  light  of  the  heavy  damages  suffered  during  the 
storm  of  March  1968,  in  southern  New  England,  the  advisability 
of  improvements,  particularly  in  the  Pawcatuck  River  Basin, 
Rhode  Island,  and  in  the  Narragansett  Bay  Drainage  Basin, 
Massachusetts  and  Rhode  Island,  in  the  interest  of  flood 
control,  navigation,  water  supply,  water  quality  control, 
recreation,  low-flow  augmentation,  and  other  allied  water 
uses. " 
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Resolution  adopted  on  2  February  1970  by  the  Committee  on  Public 
Works  of  the  United  States  Senate: 

"That  the  Board  of  Engineers  for  Rivers  and  Harbors,  created 
under  Section  3  of  the  River  and  Harbor  Act  approved  June  13, 
1902,  be,  and  Is  hereby  requested  to  review  the  report  on  Land 
and  Water  Resources  of  the  New  England-New  York  Region, 
transmitted  to  the  President  of  the  United  States  by  the 
Secretary  of  the  Army  on  April  27,  1956,  and  subsequently 
published  as  Senate  Document  Numbered  14,  Eighty-fifth 
Congress,  and  other  pertinent  reports,  with  a  view  to 
determining  whether  any  Improvements  for  flood  control  and 
other  water  resources  purposes  are  advisable  at  this  time, 
particularly  along  the  Pawtuxet  River,  Pocasset  River,  and 
Meshanticut  Brook,  at  and  in  the  vicinity  of  Cranston,  Rhode 
Island. ” 


SCOPE  OF  THE  STUDY 


This  report  presents  the  results  of  a  study  of  the  water  resource 
problems  in  the  Pawtuxet  River  Basin,  one  of  the  five  major 
watersheds  in  the  Pawcatuck  River  and  Narragansett  Bay  Drainage 
Basins  (PNB)  Study,  for  the  purpose  of  determining  the  advisability 
of  Improvements  in  the  interest  of  flood  control  and  allied 
purposes.  A  map  showing  the  relationship  of  the  Pawtuxet  River  and 
the  PNB  study  area  follows  on  Plate  1-1. 


PRIOR  STUDIES  AND  REPORTS 


EARLY  RHODE  ISLAND  WATER  SUPPLY  REPORTS 

Reports  prepared  In  January  1928  and  September  1936  by  the  Rhode 
Island  State  water  supply  and  planning  agencies  provide  Information 
concerning  the  watershed  record  flood  of  February  1886.  Additional 
hydrologic  Information  has  been  compiled  by  the  city  of  Providence, 
which  has  diverted  water  from  the  Pawtuxet  River  into  its  public 
supply  since  1870.  Detailed  water  supply  studies  were  also 
completed  by  the  city  of  Providence  as  the  result  of  the  1915  Water 
Act  of  Rhode  Island,  which  authorized  the  development  and  1926 
completion  of  Scituate  Reservoir  on  the  North  Nashua  Branch  in 
Scltuate. 
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FLOOD  CONTROL  SURVEY  REPORT 


In  response  to  Section  5  of  the  '937  Floe:!  Control  Act,  a  report 
prepared  in  October  1939  by  the  former  Providence  District,  Corps 
of  Engineers  recommended  adoption  of  a  flood  control  plan  for  the 
Pawtuxet  River  watershed.  The  plan  entailed  local  protection  works 
at  Clyde  (along  the  North  branch  in  West  Warwick)  and  a  gated 
diversion  dam  near  Pontiac  (along  the  main  river  in  Warwick)  that 
would  divert  floodwaters  from  the  main  river  southward  through  p 
diversion  channel  that  would  discharge  at  Apponaug  Cove,  at  the 
head  of  Greenwich  Bav  in  Warwick,  both  projects  were  authorized  by 
the  1941  Flood  Control  Act,  but  author  Nation  expired  in  1951  as 
local  participation  (lands,  easements,  right-of-ways,  cost:  sharing 
in  25  percent  of  the  first  cost  of  the  Pontiac  Diversion  not  to 
exceed  $347,500,  and  operation  and  maintenance  of  the  project 
following  completion)  was  not  forthcoming. 

NENYIAC  REPORT 

A  report  by  the  New  England-New  York  Inter-Agency  Committee 
(NENYIAC)  was  completed  in  March  1955.  It  contained  an  inventory 
of  resources  and  addressed  straamflow  regulation,  water  supply, 
water  quality,  flood  control,  hydroelectric  power,  navigation, 
shore  erosion,  fish  and  wildlife,  recreation,  historic  sites,  land 
management,  mineral  production,  and  insect  control.  The  report 
Indicated  that  benefits  could  be  realized  from  streamf.  low 
regulation,  pollution  control  and  flood  control  measure.,  in  the 
Pawtuxet  watershed,  but  no  projects  were  reeommendi  l  rof  iihese  or 
other  study  elements.  Chapter  XVII  cf  Part  Two,  "Karra, gansett  Bay 
Drainage  Basins,"  discusses  the  resources  of  the  Pawtuxet, 
Blackstone  and  Taunton  watersheds  and  local  drainage  into 
Narragansett  Bay  and  the  Sakonnet  River. 

NAVIGATION  SURVEY  REPORT 

In  response  to  a  resolution  by  the  House  of  Representatives  Commit¬ 
tee  on  Public  Works,  a  report  published  in  June  1961  by  the  New 
England  Division,  Corps  of  Engineers  recommended  a  small  boat 
harbor  improvement  at  Pawtuxet  Cove,  a  tidewater  indentation  at  the 
mouth  of  the  river.  The  project  was  authorized  by  the  1962  River 
and  Harbor  Act  and  wa9  completed  in  1966.  It  entailed  dredging  an 
entrance  channel  6  feet  deep  and  100  feet  wide,  and  a  turning  basin 
at  the  northern  end;  dredging  an  anchorage  6  feet  deep  over  a  14 
acre  area  at  the  south  side  of  the  entrance  channel;  and  con¬ 
structing  a  2,200-foou  long  sheltering  dike  at  the  east  side  of  the 
anchorage. 
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NARRAGANSETT  BAY  AREA  HURRICANE  SURVEY  REPORTS 

The  Public  Law  84-71  study  authority,  was  adopted  by  the  New 
England  Division,  Corps  of  Engineers,  after  the  damaging  hurricanes 
of  31  August  and  11  September  1954,  an  Interim  report  was  completed 
in  August  1957.  This  led  to  a  series  of  reports  and  to  the  1958 
authorization  and  1961-66  construction  of  the  Fox  Point  Barrier 
across  the  upper  reach  of  the  Providence  River  at  Providence.  A 
plan  for  hurricane  tidal  flood  protection  for  the  Narragansett  Bay 
area,  known  as  the  Lower  Bay  Barriers,  was  completed  in  January 
1965  by  the  New  England  Division.  The  report  recommended  the 
provision  of  rockfill  barriers  (top  elevation  25  feet  above  mean 
sea  level)  across  the  East  and  West  passages  to  Narragansett  Bay 
and  across  the  upper  passage  of  the  Sakonnet  River,  subject  to 
local  agreement  for  participation  in  the  project.  Ungated  navi¬ 
gation  openings  would  be  provided  at  each  passage  and  80  sluice 
gates  would  normally  remain  open  to  allow  additional  tidal 
interchange.  The  barriers  would  reduce  the  wave  action  level  of  18 
feet  at  Pawtuxet  Cove  that  accompanied  the  record  hurricane  flood 
of  21  September  1938  (frequency  slightly  less  than  once  in  one 
hundred  years),  to  approximately  10.6  feet,  and  would  reduce  the 
1938  tide  (Stillwater)  level  of  15.3  feet  to  approximately  7.8 
feet. 

A  majority  of  the  persons  commenting  at  the  1956  public  meeting  on 
the  Fox  Point  Barrier  project  expressed  general  approval  of  the 
lower  Narragansett  Bay  protection  concept.  Support  by  Massachu¬ 
setts  interests  continued  strong  during  the  course  of  the 
Narragansett  Bay  Study.  However,  support  by  Rhode  Island  citizens 
waned  and  opposition  was  expressed  concerning  various  biological, 
aesthetic,  tidal  interchange,  water  quality,  salinity  and 
navigation  aspects  of  the  Lower  Bay  Barriers  plan.  In  view  of  this 
lack  of  support,  the  Secretary  of  the  Army's  report  to  the  Congress 
recommended  that  no  project  be  authorized  for  the  lower 
Narragansett  Bay  area  until  Rhode  Island  citizens  expressed 
approval  of  the  project. 

RHODE  ISLAND  WATER  SUPPLY  REPORT 

A  report  to  the  Rhode  Island  Water  Resources  Board,  prepared  in 
June  1967  by  Metcalf  &  Eddy,  Inc.,  updated  1952-1957  consultant 
reports  to  the  Board  to  reflect  the  drought  conditions  of  the  early 
1960's  and  the  attendant  water  supply  problems.  The  report 
proposed  a  phased  development  program  to  meet  increased  demands 
expected  in  1990  and  2020.  The  report  proposed  construction  (about 
1980)  of  a  reservoir  on  the  Big  River  just  upstream  from  the 
existing  Flat  River  Reservoir  (industrial  water  supply)  to  produce 
an  initial  29  MGD  of  water  supply  for  the  Providence  metropolitan 
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service  area.  Also  proposed  were  flood  skimming  of  the  Flat  River 
(about  1995)  and  transfer  to  Big  River  Reservoir,  plus  development 
of  facilities  after  2005  that  would  divert  flood  flows  from  the 
tributaries  of  the  Thames  and  Pawcatuck  River  Basins,  located  to 
the  west,  to  augment  the  yields  of  Big  River  Reservoir.  In 
conjunction  with  these  studies,  the  Water  Resources  Board  during 
1965-66  acquired  8,270  acres  for  the  Big  River  Reservoir  project. 
The  initial  phase  of  environmental  assessment  and  preliminary 
engineering  and  design  on  the  Big  River  project  is  in  progress  by 
Water  Resources  Board  consultants. 

NEWS  STUDY  FEASIBILITY  REPORT 


Under  the  authority  of  the  1965  Flood  Control  Act  the  Corps  of 
Engineers  conducted  a  regionwide  assessment  of  water  supply 
problems  of  the  metropolitan  areas  between  Maine  and  Virginia  as 
part  of  the  Northeastern  United  States  Water  Supply  Study.  A  draft 
report  was  prepared  by  the  New  England  Division  in  November  1969 
concerning  long-range  water  supply  needs  in  Rhode  Island  and  most 
of  Massachusetts.  The  surface  water  projects  proposed  for  the 
Pawtuxet  watershed  area  are  the  same  as  those  recommended  in  the 
1967  Metcalf  &  Eddy  report  to  the  Rhode  Island  Water  Resources 
Coordinating  Board.  No  ground  water  projects  were  proposed  for  the 
Pawtuxet  watershed  area  by  the  U.S.  Geological  Survey,  who  analyzed 
all  existing  ground  water  reports  as  their  contribution  to  the 
s  tudy . 

FLOOD  CONTROL  RECONNAISSANCE  REPORT 


In  initial  response  to  the  PNB  study  request,  a  reconnaissance 
report  was  completed  in  December  1971  by  the  Net*  England  Division, 
Corps  of  Engineers,  which  presented  the  findings  from  a  preliminary 
study  of  the  flood  problems  in  the  Pawtuxet  River  watershed.  The. 
report  indicated  that  the  potential  flood  problems  which  result 
from  the  existing  pattern  of  growth  within  the  flood  plains,  are  of 
such  magnitude  that  a  flood  management  program  composed  of 
nonstructural  and  structural  measures  should  be  encouraged.  The 
preliminary  investigation  indicated  that  detailed  studies  were 
warranted  to  evaluate  a  management  program  of  regulatory  measures 
(namely  flood  proofing)  and  corrective  measures  such  as  a  diversion 
project,  local  protection,  modification  of  Scituate  Reservoir,  and 
future  floodwater  storage  at  the  State  proposed  Big  River  Reservoir 
project. 

NAR  REPORT 

Authorized  by  the  1965  Flood  Control  Act,  the  North  Atlantic 
Regional  Water  Resources  (NAR)  Study  was  one  of  20  regional  studies 
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conducted  throughout  the  United  States  under  Level  A  guidelines 
established  by  North  Atlantic  Division,  Corps  of  Engineers,  the 
report  encompassed  all  river  basins  draining  into  the  Atlantic 
Ocean  from  Maine  to  Virginia  and  all  New  York  and  Vermont  areas 
draining  into  the  St.  Lawrence  River  from  St.  Regis,  New  York 
eastward.  The  objective  was  to  establish  a  broad  master  plan  or 
framework  as  a  basis  for  regional  water  and  related  land  resources 
management.  Fifteen  water  resource  needs  in  each  of  the  21 
subregions  of  the  NAR  study  area  were  projected  through  the  year 
2020  in  accordance  with  several  planning  objectives:  environmental 
quality,  national  efficiency  (or  income),  regional  development  or 
mixed  objectives.  A  basic  finding  for  the  entire  study  area  was 
that  NAR  water  resources  cannot  support  further  continuation  of  the 
traditional  pattern  of  development  and  consumption.  Research  and 
study  and  management  of  water,  land  and  environmental  resources  are 
needed  to  reduce  the  needs  for  excessive  monetary  and  natural 
resource  investments. 

The  report  indicated  that  the  PNB  area  will  need  help  in 
eliminating  its  unemployment.  Its  water  resource  management 
program  should  be  oriented  toward  increasing  regional  development, 
but  with  some  environmental  quality  constraints.  Key  long-term 
(2020)  needs  for  the  PNB  area  are  water  quality  management  and 
improvement  to  meet  State  standards,  availability  of  power  plant 
cooling  water  (mostly  saltwater  sites),  water  supply  withdrawal  and 
importation  measures  (with  future  shift  expected  by  many  industries 
from  self-supplied  to  publicly  supplied  systems),  flood  damage 
reduction  measures  as  land  becomes  scarce,  commercial  navigation 
Improvements,  shore  erosion  protection  for  selected  sites,  and 
increased  opportunities  for  water-oriented  recreation,  fish  and 
wildlife  recreation,  and  recreational  boating. 

BROWN  UNIVERSITY  WATER  QUALITY  REPORT 

A  Brown  University  report  was  published  in  August  1972  based  on  a 

1971  summer  student  group  study  of  the  Pawtuxet  main  river  and  the  I 

North  and  South  Branches.  This  report  stated  that  water  quality, 
already  poor,  had  deteriorated  by  one  or  two  water  use  classifi¬ 
cations  in  most  reaches  since  the  Rhode  Island  Department  of  Health 
Analysis  of  1966.  The  report  also  indicated  that  existing  water 
quality  management  is  ineffective  and  a  strong  regional  management 
agency  is  needed,  one  that  can  collect  monetary  charges  on 
effluents.  Also  needed  •>  the  formation  of  a  water  quality 
monitoring  consortium,  consisting  of  industries  and  sewage 

treatment  plants,  for  year-round  monitoring  of  the  river.  I 
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CRANSTON  FLOOD  HAZA1  )  ANALYSIS  REPORT 


At  the  request  of  the  city  of  Cranston  and  Rhode  Island  Statewide 
Planning  Program,  officials,  a  flood  hazard  analysis  report  on  the 
Pocasset  River  and  Meshanticut  Brook  within  Cranston  was  published 
in  September  1973  by  the  Soil  Conservation  Service.  An  addendum  to 
this  report  was  published  in  December  1974.  The  report  contains 
flood  maps,  high  water  profiles  and  typical  valley  cross-sections 
that  provide  a  guide  for  the  development  of  local  regula; ions  and 
other  llood  management  measures  for  minimizing  flood  damages. 
Information  was  compiled  for  10-year,  50-year,  100-year  and  500- 
year  frequency  floods.  The  flood  maps  show  only  the  50-year  and 
500-year  flood  limits.  The  100-year  flood  limits  are  essentially 
the  same  as  the  50-year  flood  limits. 

FLOOD  CONTROL  PROJECT  ENVIRONMENTAL  REPORTS 

At  the  request  of  the  New  England  Division,  Parsons,  Brinckerhof f , 
Quade  and  Douglas,  Inc.  prepared  an  environmental  report  in 
February  1975  (with  minor  May  1975  revisions).  It  concerned 
measures  to  reduce  flood  damages  in  the  Pawtuxet  River  watershed 
were  under  consideration  by  the  PNB  study  team.  It  also  discussed 
the  environmental  setting  without  the  proposed  flood  control 
measures,  the  probable  impacts  of  the  proposed  actions,  and 
alternatives  to  the  proposed  actions.  The  report  finings  were 
summarized  in  the  information  pamphlet  prepared  for  'ho  mid-stage 
public  meetings  held  by  the  New  England  Division  at  Warwick  and 
Cranston  in  May  1975. 

An  environmental  report  which  discusses  marine  life  at  Apponaug 
Cove  and  the  Greenwich  Bay  area  was  prepared  in  September  1975  by 
Dr.  James  Hoff  and  Dr.  Sanford  A.  Moss,  Biology  Department, 
Southeastern  Massachusetts  University,  at  the  request  of  the  New 
England  Division.  Their  survey,  mostly  of  Greenwich  Bay,  consisted 
of  water  quality  analyses,  fin  fish  estimates,  and  sampling  and 
identification  of  soft  shell  clams,  other  benthic  life  and  plankton 
at  selected  sampling  stations  in  Apponaug  Cove,  Greenwich  Bay, 
Providence  River  and  Gorton  Pond. 

SOUTHEASTERN  NEW  ENGLAND  (SENE)  REPORT 
- * - 

As  part  of  the  program  established  by  the  1965  Water  Resources 
Planning  Act  so  that  multi-purpose,  coordinated  plans  would  be 
developed  for  each  subregion  or  major  river  basin  in  the  Nation, 
the  Water  Resources  Council  authorized  a  comprehensive  level  B 
study  of  the  coastal  basins  of  eastern  Massachusetts,  Rhode  Island 
and  the  southeastern  corner  of  Connecticut.  Under  the  direction  of 
the  New  England  River  Basins  Commission,  a  Federal-State  study  team 
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evaluated  existing,  1990  and  202*)  needs  in  the  8WNI<  area  which 
includes  all  ot  the  PNB  area.  These  ate  i  ,:i  i p  .  1  1 y  water  supply, 
water  quality,  recreation,  uia.  ine  a:,  lageim  it ,  flooding  and  erosion, 
minerals  extraction,  and  the  siting  i  elf  ft  rical  power  and 
petroleum  facilities.  The  opart.  -  .  the  Water  Resources  Council, 
submitted  in  March  1976,  indicated  l  it  continuing  urban  growth  in 
the  SENE  area  can  be  accommodated  bin.  should  be  guided  to  protect 
fragile  resources  and  make  develop. n.nl  more  efficient. 

Key  recommendations  for  meeting  lSO-h  m  -  Is  in  the  Pawtuxet  River 
Basin  were:  petition  the  General  As semi  to  approve  construction 

of  Big  River  Reservoir;  expand  Crarston  .;<■  ;  Warwick  secondary 
treatment  plants;  consider  construction  o'  a  complete  secondary 
treatment  plant  at  Coventry  or  expand  the  existing  secondary 
treatment  plant  at  West  Warwick;  acquire  key  wetlands  and  flood 
plains;  and  consider  non-st^uctural  flood  plain  management 
solutions  wherever  possible,  under  the  authority  of  Section  7 1  of 
the  Water  Resources  Development  Act  of  1974.  The  SENE  Study 
efforts  were  closely  coordinated  wirl.  those  of  the  PNB  study. 

The  SENE  study  recognized  that  specific  pro  left  proposals  to 
resolve  the  major  flood  problems  in  the  low.  basin  were  being 
evaluated  by  the  PNB  study  team.  Therefore,  the  recommendations  of 
the  SENE  study  focused  on  regulatory,  soil  conservation  and 
forestry  measures  that  all  basin  municipalities  should  adopt  to 
reduce  flood  plain  encroachment,  erosion  and  nonpoint  •••,;:  :c.o 
pollution. 

MATHEMATICAL  MODEL  ANALYS >  S 

At  the  request  o£  the  New  England  Division,  the  Raytheon  Company, 
Portsmouth,  Rhode  Island,  was  asked  to  forecast  the  dispersion  of 
key  water  quality  parameters  in  Appuiiaug  Cove  and  Greenwich  Bay. 

The  company  was  also  requested  to  forecast  the  biological  impact  on 
biota  in  both  saltwater  areas,  as  the.  result  of  proposed  freshwater 
diversions  from  the  Pawtuxet  River  to  Apponaug  Cove  during  flood 
events.  The  mechanism  used  for  these  forecasts  entailed 
modification  of  an  existing  Narragausett  Bay  circulation  model  and 
effluent  dLspersion  model.  Their  pertinent  findings  are  discussed 
in  Appendix  4 . 

FLOOD  INSURANCE  STUDIES 

Under  the  authority  ot  ..he  Nat  ional  Flood  Insurance  Act  of  1968, 
Flood  Insurance  Study  Reports  have  been  prepared  for  the  Federal 
Insurance  Administration,  Department  of  Housing  and  Urban 
Development  for  the  communities  of  Grans  ton,  East  Greenwich,  West 
Warwick,  Coventry,  Providence  ard  Warwick,  which  are  operating 


under  the  regular  program.  The  comounities  of  Exeter,  Foster, 
Glocester,  Johnston,  Scltuate  and  West  Greenwich  have  requested 
flood  insurance  studies  anc!  are  presently  eligible  for  flood 
insurance  under  the  emergency  program  until  specific  flood  zones 
and  actuarial  rates  are  determined  and  flood  plain  zoning  is 
enacted. 

EPA  WATER  QUALITY  STUDY 

A  one-year  water  quality  sampling  and  analyses  program  for  the 
Pawtuxet  River  was  initiated  in  September  1975  by  the  Environmental 
Protection  Agency  (EPA)  Laboratory  in  Needham,  Massachusetts  and 
the  National  Marine  Water  Quality  Laboratory  in  West  Kingston, 

Rhode  Island.  The  program  entails  collection  of  water  samples  from 
the  Pawtuxet  River  at  three  sampling  stations  upstream  of  the 
proposed  Natick  Diversion  site  in  the  vicinity  of  Natick  Pond  and 
another  sampling  station  near  the  river  mouth  during  20  proposed 
sampling  periods.  The  program  includes  bacteriological  analyses 
for  total  and  fecal  conforms  and  physical-chemical  analyses  for 
nonf ilterable  residue,  biochemical  oxygen  demand  (BOD)  ultimate  and 
various  heavy  metals.  Preliminary  results  are  discussed  in  Section 
4  under  the  heading  "Natick  Diversion. " 

Flood  plain  information  studies  of  the  selected  streams  in 
Cranston,  Warwick  and  West  Warwick  have  been  completed  by  the.  New 
England  Division,  Corps  of  Engineers.  A  similar  strd’v  a  flood 
hazard  analysis  of  the  Pocasset  Riv?>  in  Johnston,  bar.  been 
completed  by  the  Soil  Conservation  Service  at  West  Warwick. 

PNB  WATER  SUPPLY  STUDY 

A  study  of  water  supply  alternatives  for  the  Pawcatuck  River  and 
Narragansett  Bay  (PNB)  drainage  basins  was  completed  in  January 
1979  by  Metcalf  &  Eddy,  Inc.  for  the  New  England  Division,  Army 
Corps  of  Engineers.  The  report  proposed  alternative  water  supply 
plans  to  serve  the  PNB  region,  including  surface  water,  ground 
water,  and  combinations.  The  recommended  plan  included  development 
of  the  Big  River  Reservoir  to  help  meet  future  demands  of  the 
Providence  area. 


FLOOD  PROBLEMS 


INTRODUCTION 

Historical  records  of  floods  in  the  Pawtuxet  River  Basin  date  to 
the  early  180Q's.  Throughout  this  period  numerous  flood  producing 
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storms  have  been  expe..  jo. ..  .i  hu  m.iit  produced  high  monetary 
losses.  Until  the  recent  : c  year  time  period  the  basin  has 
maintained  its  rural  characi  1  stir:-  with  many  of  its  land6 
sustaining  agricultural  needs.  Being  within  a  few  miles  of 
Providence,  in  close  proximity  to  the  seashore  and  well  serviced  by 
a  complete  interstate  highway  system,  the  area  has  become  captive 
to  the  demands  imposed  by  urbanizatir  i-.  The  exodus  of  people  from 
the  city  is  exerting  pressure  on  the  basin  communities  as  more  of 
the  vacant  land  is  devel  ped.  Under  a  continuing  trend  of  land  use 
changes,  the  basin  is  more  susceptible  to  greater  flood  losses. 

This  increase  in  urbanization  has  results  in  increased  use  of  the 
flood  plains.  They  are  the  most  economic.'  '■  areas  to  develop 
other  land  available  at  nominal  cost  is  rather  scarce.  Also, 
compounding  the  issue,  is  the  hlghwa  system  because  it  provides 
easy  access  to  the  flood  plains,  making  them  vulnerable  to  land 
speculators . 

During  the  drought  years  of  the  early  1960's,  numerous  commercial 
and  industrial  complexes  and  residential  homes  were  constructed 
within  the  main  stem  flood  plain  of  the  Pawfuxet  River  and  its 
major  tributaries.  During  those  years,  because  water  levels  in  the 
upstream  reservoirs  (particularly  Soifuate  Reservoir)  were  below 
normal,  little  fear  of  potential  flooding  existed.  Structures  were 
constructed  with  first  floor  slah  elevation  only  slightly  above 
existing  ground.  Flood  proofing  was  not  even  a  considers'  on. 

Since  the  area  had  been  previously  spared  from  serious  damaging 
floods,  the  land  development  attitude  strongly  persist-..',  until  the 
March  1968  flood.  With  the  occurrence  of  this  high  probability 
event,  flood  damages  which  would  normally  have  been  insignificant 
became  alarmingly  critical. 

The  antecedent  conditions  in  1968  were  conducive  to  causing 
moderate  flood  losses.  Due  to  the  modifying  effect  of  Scituate 
Reservoir,  still  about  five  feet  lower  than  normal  due  to  .the 
drought  and  capable  of  storing  flood  flows  flood  losses  along  the 
main  stem  were  minimized.  Through  the  intervening  years  growth 
trends  continued  unabated  !o  such  an  extent  that  some  of  the  flood 
plains  became  saturated  with  new  developments.  In  this  period 
existing  zoning  regulations,  imposed  by  the  local  government, 
permitted  slab  elevations  equivalent  to  but  not  less  than  a  50-year 
flood  frequency.  With  the  advent  of  the  National  Flood  Insurance 
Act  (PL  90-448)  new  crite'-’a  was  applied  on  a  very  gradual  basis,  a 
pace  so  slow  that  much  oi  he  vacant  land  had  already  been 
occupied. 

At  the  same  time  lands  aujacent  to  the  flood  plains,  particularly 
those  in  close  proximity  to  highway  interchanges,  were  intensively 
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developed.  Vegetated  areas  have  been  replaced  with  paved  parking 
lots,  streets,  highways  and  other  developments  causing  a  degree  of 
topographic  changes.  A  large  percentage  of  former  natural  storage 
areas,  once  available  to  retain  excessive  runo'rf,  has  been  lost. 

EXISTING  CONDITIONS 


The  Pawtuxet  River  watershed  lies  entirely  within  west-central 
Rhode  Island  and  encompasses  an  area  of  230  square  miles 
(approximately  147,000  acres).  its  headwaters  originate  in  the 
hilly  uplands  near  the  Connecticut  S'  :te  line.  The  basin  is 
triangular  :n  shape  and  the  tributary  sr.feams  converge  or  the  short 
main  stem  of  the  river,  which  discharges  at  the  apex  of  the 
triangle  at  Pawtuxet  Cove  on  Narragansett  Bay.  The  maximum  width 
of  the  basin  in  a  north-south  direction  is  23  miles  and  its  length 
is  18  miles.  River  mileage  from  Ponaganset  Reservoir  (at  the  head 
of  the  North  Branch)  to  Pawtuxet  Cove  is  approximately  32  miles. 

Most  of  the  larger  streams  are  highly  developed  by  former 
industrial  waterpower  installations  and  conservation  storage. 
Excluding  farm  impoundments  over  150  dams  plus  natural  lakes  and 
ponds  provide  about  11  square  miles  of  wafer  surface  area.  Located 
near  the  southwestern  end  of  the  Providence  metropolitan  area,  the 
eastern  third  of  the  watershed  is  a  highly  urbanized  industrial- 
commercial  area.  A  narrow  transitional  zone  immediate’  to  the 
west  is  rapidly  changing  to  a  suburban  area.  Tie  vr-ct'  "n  hall'  of 
the  western  is  largely  rural,  with  small  villages  n  a- .  '  mostly 
along  the  east-west  highways.  The  watershed  is  bounded  by  the 
Blackstone  and  Woonasquatucket  River  Basins  on  the  nort.’-,  the 
Thames  River  Basin  on  the  west,  and  the  P awe a tuck  River  Basin  on 
the  southwest  and  Narragansett  Bay  local  drainage  on  the  southeast. 
A  map  of  the  Pawtuxet  River  Basin  is  shown  in  Plate  1-2. 

The  main  stem  of  the  Pawtuxet  River  begins  in  West  Warwick  at  the 
confluence  of  the  North  and  South  branches  and  terminates  at  the 
Pawtuxet  Dam  in  Pawtuxet  Cove.  In  this  reach  approximately  2000 
buildings,  including  homes  and  commercial  establishments  would  be 
flooded  to  various  levels  from  a  flood  of  a  standard  project  flood 
designation  (maximum  flood  caused  by  conditions  characteristic  of 
the  area).  For  purposes  of  damage  evaluation,  the  river  wa6 
subdivided  into  16  zones  as  shown  later  in  this  report  on  Plate  1- 
3.  Damages  are  most  significant  along  the  main  stem  in  zones  4,  5, 
7  and  8.  Damages  from  overland  flooding  of  the  tributaries  are 
almost  non-existent  in  zones  1,  2,  3,  4A  and  7A  from  even  a 
standard  project  flood  storm.  In  these  5  zones  only  several  small 
shops  or  residences  in  each  area  would  be  flooded.  Ground  water 
flooding  or  backing  up  of  small  tributaries  due  to  inadequate 
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channel  openings  have  not  been  considered  as  their  potential 
solutions  cannot  be  accomplished  under  existing  Corps  authorities. 

Damage  potentials  for  each  of  the  eleven  damage  areas  are  discussed 
in  the  following  paragraphs: 

PAWTUXET  RIVER  TRIBUTARIES 


South  Branch  -  Zone  2 A 

This  zone,  running  from  the  Flat  River  Rorervoir  downstream  to  the 
confluence  with,  the  North  branch  has  sev.  ui  areas  along  the  main 
stem  South  branch  that  could  receive  significant  losses  at  major 
storm  events.  In  addition,  the  American  Hoescht  Corporation  has 
several  structures  that  could  experience  losses  at  an  intermediate 
flood  event.  The  Bradford  Soap  Works  building,  Ace  Dying  Co., 

Natco  Products  building  and  the  Nidark  structure  are  the  remaining 
areas  of  concern  should  a  major  flood  event  occur.  Residential 
structures  are  relatively  safe  from  overland  f Looding.  Local 
concerns  have  expressed  interest  in  Baker  Street  Brook.  This  area 
suffers  from  inadequately  sized  culvert  openings  and  the  associated 
flooding  is  classified  as  a  local  drainage  problem. 

Average  annual  damages  in  this  reach  are  overall  relatively  minor. 

North  Branch  -  Zone  1A 

Annual  damages  In  the  reach  of  river  from  the  Cainer  Mo;;:-  i  '  l  Dam 
(Scltuate  Reservoir)  to  the  confluence  with  the  South  Branch  would 
also  be  classified  as  minor.  Several  areas  are  prone  to  damages 
from  an  intermediate  range  flood  (1*  chance  of  occurrence).  Some 
flood  reduction  is  afforded  these  areas  by  the  Scituate  Reservoir 
due  to  just  surcharge  storage  above  the  maximum  water  suppiy  pool. 
If  the  flood  occurs  at  a  time  when  the  water  supply  pool  is  at  a 
lower  level,  even  higher  degrees  of  protection  are  provided  with 
correspondingly  less  likelihood  of  damages.  The  areas  that  could 
be  impacted  are  as  follows:  a  group  of  cottage  type  homes  just 
downstream  of  Colvin  Brook,  Valley  Lace  Co.,  Falvey  Liney  Co.  (all 
located  in  Scituate),  Arkwright  Co.  building,  a  group  of  small 
commercial  shops  in  Harris,  Hamilton  Auslander  Co.,  and  a 
commercial  complex  -  bus  storage  yard  in  Clyde,  all  the  latter 
located  in  West  Warwick. 

Local  flooding  of  tribut..  Les  such  as  Lippett  and  Uheni x  Brooks 
does  occur  but  are  due  t..  inadequately  sized  culvert  openings. 
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Meshantlcut  Brook  -  Zone  4B 


♦  This  reach  runs  from  the  1-295  bridge  crossing  south  of  Wilbur 

Avenue  down  to  the  confluence,  with  the  Pawtuxet  River  just  below 
the  West  Warwick  Sewage  Treatment  Plant.  Damages  in  this  reach  are 

mainly  to  basements  of  about  50  homes  in  Cranston  and  to  equipment  j 

stored  on  several  contractors  storage  yards  in  Warwick  near  the  j 

mouth  of  the  brook.  The  height  of  floodwaters  in  this  area  is 

dependent  upon  the  levels  in  the  Pawtuxet  as  backwater  flooding  is 

very  likely.  In  any  event  significant  damages  would  not  occur 

until  the  storm  exceeded  a  fifty  year  event. 

POCASSET  RIVER  I 

-  j 

Since  the  early  1950's,  this  river  has  undergone  drastic  land  use  j 

changes.  Its  former  usage,  agriculture,  has  now  been  replaced  to  a 

major  degree  by  residential  villages,  commercial  centers  and 

industrial  zones.  This  is  especially  true  from  Central  Avenue  in 

Johnston  downstream  to  the  Pawtuxet.  Flood  damages  in  the  past 

years  have  been  confined  to  back  yards  especially  in  the  Fletcher 

Avenue  area  in  North  Cranston.  Damages  for  the  two  zones  of  the 

Pocasset  are  discussed  in  the  following  paragraphs: 

Pocasset  River  -  Zone  6A 

This  reach  runs  from  the  headwaters  in  Johnston  dowr-Mcam  to 
Reservoir  Avenue  in  Cranston.  Potential  damage  ar  -t:  s~  en 
follows:  Portions  of  Rotary  Drive,  LaFaria  Drive,  Center  Street 
and  Middle  Street  all  in  Johnston  where  many  relatively  new 
residential  homes  and  an  apartment  complex  can  get  basement 
flooding  at  an  intermediate  range  flood.  Areas  in  Cranston  subject 
to  significant  damages  at  the  intermediate  level  of  flooding 
include  an  industrial-commercial  center  along  Dyer  Avenue,  an 
apartment  complex  off  Dyer  Street,  the  Cranston  Print  Works, 
another  industrial-commercial  area  located  downstream  of  Cranston 
Street,  a  nursery  off  of  Knollwood  Avenue,  as  well  as  the  Fletcher 

Avenue  area.  , 

Pocasset  River  -  Zone  6B 

This  area  includes  the  Reservoir  Avenue  area  downstream  to  the 
merger  point  with  the  Pawtuxet,  slightly  below  the  Cranston  sewage 
treatment  plant.  The  entire  zone  is  in  the  city  of  Cranston. 

Along  Reservoir  Avenue  several  commercial  establishments  are  flood 
prone  as  are  the  Cranston  Press  at  Pontiac  Avenue  and  the  Bowermann 

Construction  Company.  Residences  and/or  apartment  complexes  are  * 

subject  to  flooding  along  Dongway  Road, 
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Intervale  Avenue  and  at  Fordson  Street.  Problems  In  this  zone  are 
influenced  to  a  high  degree  by  the  levels  in  the  Pawtuxet  River. 

Roger  Williams  Brook  -  Zone  7B 

This  portion  of  the  drainage  basin's  damage  zone  begins  at  Park 
Avenue  and  terminates  at  the  Pawtuxet  River.  The  problem  in  this 
area  is  due  to  backwater  flooding  of  the  Pawtuxet  River  rather  than 
flooding  of  the  brook.  Some  increases  in  stage  heights  does  occur, 
however,  due  to  inability  of  the  basin  to  discharge  the  additional 
volume  of  waters.  The  main  areas  that  wn.’d  be  damaged  are  the 
Atlantic  Tubing  Co.  and  Ciba-Geigy  as  well  a  group  of  homes  in 
El  Durado  Road. 

Pawtuxet  River  Ma instem 

Damages  along  the  reaches  of  the  mainstem  are  for  the  most  part 
extremely  high.  There  are  many  flood  prone  properties  as  each 
community  (Warwick,  Cranston  and  West  Warwick)  has  numerous 
structures  subject  to  inundation  from  storms  ranging  from  a  yearly 
event  up  to  a  standard  project  flood.  There  are  in  total  around 
2000  various  types  of  structures  subject  to  flooding  in  a  major 
flood.  Descriptions  of  damages  by  zone  are  discussed  in  the 
following  paragraphs. 

Zone  4 


This  area  begins  just  downstream  of  the  Natick  Dam  in  Warwick-West 
Warwick  and  terminates  at  the  Pontiac  Dam  in  Warwick.  Recent 
developments  at  or  just  above  the  one  hundred  year  flood  level  had 
increased  damage  potential  immensely.  Areas  subject  to  flooding 
for  all  practical  purposes  run  the  entire  length  of  the  zone. 

Areas  of  very  high  concentrated  damages  are  the  complex  off  of  East 
Avenue  in  Warwick,  an  industrial  area  in  West  Warwick  bounded  by 
East  Street,  including  its  municipal  treatment  facility,  the 
Midland  Mall  (however,  only  for  major  flood  events),  and  the 
Warwick  Mall  area,  its  surrounding  stores  and  the  apartment 
complex. 

Zone  5 


Starting  at  the  Pontiac  Dam  this  reach  of  the  Pawtuxet  proceeds 
downstream  where  the  rivei  Corms  the  city  boundary  between  Cranston 
and  Warwick.  This  zone  enus  at  the  location  of  the  U.S.G.S.  gaging 
station  in  Cranston  (located  in  the  Pettaconset  Industrial  Park). 
Damages  in  this  reach  are  not  as  severe  as  in  Zone  4.  Most  of  the 
annual  damages  are  sustained  by  the  Pontiac  Print  Works  building 
and  the  Bulova  Watch  Company.  Both  of  these  major  firms  can 
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sustain  moderate  damage  at  events  as  frequent  as  a  15-year  storm. 
The  Knight  Street  area  has  numerous  flood  prone  structures  but  they 
consist  mainly  of  relatively  smel!  commercial- service  type 
operations. 

Another  major  concern  is  this  area,  although  not  heavily  damaged 
from  a  physical  loss  standpoint  is  t?ie  Warwick  sewage  treatment 
plant.  The  chlorine  contact  tank  can  be  flooded  by  almost  the 
yearly  high  water  of  the  Pawtuxet.  Although  physical  damage  to  the 
concrete  tanks  and  operating  equipment  is  minor,  the  unit  is  shut 
down  and  the  unchlorinated,  but  treated  effluent  enters  the 
Pawtuxet.  Between  the  5  and  10  year  frequency  floods,  the  settling 
tanks  and  aeration  units  can  become  inundated.  Although  the 
physical  losses  mount  up  with  each  incremental  height  of  water,  the 
total  losses  are  still  relatively  minor.  Of  major  significance  is 
the  fact  that  untreated  wastewater  from  most  of  Warwick  enters  the 
Pawtuxet  causing  serious  water  quality  degradation. 

Zone  6 


This  reach  runs  from  the  U.S.G.S.  gage  down  to  the  Elmwood  Avenue 
Bridge  in  Warwick-Cranston  and  again,  the  river  is  the  basic 
dividing  line  between  these  two  cities.  Damages  in  this  zone  are 
the  smallest  on  all  the  main  stem  with  the  exception  of  Zone  3 
which  has  virtually  none.  The  Jefferson  Avenue  Industrial  Park  in 
Warwick  consisting  of  Edwards  Electronics,  Ryder  Track  Rental  Co., 
and  Colony  Ford  Co.,  does  sustain  heavy  damages,  with  tio  initial 
losses  starting  at  about  a  10  year  flood  event.  Also  in  this  area 
is  a  major  electrical  transformer  sub-station.  At  about  a  50-year 
event  the  station  would  be  inoperable  and  major  rerouting  of 
electricity  to  serve  its  areas  would  be  necessary. 

Another  industrial  park,  Wellington  Avenue,  in  Cranston  has 
experienced  past  damages  from  the  1968  flood,  a  10  to  15  year 
event.  Some  intensified  use  of  the  various  mill  outbuildings  by  a 
glass  storage  warehouse  and  Elnwood  Sensors  Co. ,  will  result  in 
much  higher  recurring  type  losses.  A  moderate  sized  lumber  yard  on 
the  opposite  bank  in  Warwick  is  also  very  flood  prone.  Its  losses 
depend  on  the  amount  of  immovable  material  in  storage  at  the  time 
flooding  occurred. 

Zone  7 

This  area  contains  extremely  high  annual  damages.  From  the 
termination  point  of  zone  6  it  runs  down  to  the  sewer  trestle 
crossing  the  Pawtuxet  at  the  Ciba-Geigy  complex.  Very  high  damages 
are  possible  at  this  location,  particularly  on  the  Cranston  side. 
Damages  would  begin  at  about  a  fifteen  year  event.  The  Atlantic 
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tubing  complex,  which  can  also  get  flooded  by  backwater  from  Zone 
7B  is  also  likely  to  sustain  heavy  damages.  Thir  complex  is  also 
located  in  Cranston. 

An  extremely  flood  prone  residential  area  is  located  in  Warwick. 
Locally  known  as  the  Belmont  or  Norwood  area,  this  site  located  off 
of  Elmwood  Avenue  has  about.  50  homes  that  would  sustain  moderate 
damages  at  a  hundred  year  flood.  If  a  small  dike,  constructed  by 
the  Corps  of  Engineers  in  1970  with  Emergency  Operations  Funds  did 
not  exist  the  area  would  have  been  flooded  annually.  The  dike, 
which  was  recently  overtopped,  provided  '"oiection  to  about  a 
fifteen  year  flood  level. 

Zone  8 


Damages  in  this  zone  are  extremely  heavy  also.  Flooding  occurs 
from  either  the  Pawtuxet  River  flows  or  due  to  the  heights  of  the 
storm  driven  tides  in  Narragansett  Bay.  This  last  damage  area 
extends  from  the  sewer  trestle  at  Ciba  Geigy  to  the  Broad  Street 
dam  at  the  head  of  Pawtuxet  Cove.  Other  than  the  Pawtuxet 
Reservation  which  is  conservation  land  in  Cranston,  and  about  1/4 
mile  of  high  undevelopable  land  on  the  rivers  edge  between  the  dam 
and  ITT  Hammell  Dahl  Corp  in  Warwick,  the  remaining  land  is  highly 
developed  and  extensively  flood  prone.  The  entire  south  bank 
(Warwick)  other  than  the  above  mentioned  high  rivers  edge  is 
occupied  by  the  Warwick  Industrial  Park.  There  are  about  15 
Individual  structures  housing  over  30  primarily  industrial  concerns 
in  the  complex.  Each  is  at  or  within  one  foot  of  damage  from  the 
hundred  year  flood.  Two  concerns  could  receive  especially  high 
losses;  Sealol  and  ITT  Hammel  Dahl. 
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RECURRING  LOSSES 


Damage  surveys  conducted  in  1972  and  1973  indicate  that  a  flood  of 
an  estimated  20-year  frequency  would  have  caused  losses  in  excess 
of  $1,500,000  in  zones  4  through  8  along  the  main  stem  had  there 
been  no  new  development.  Approximately  10  percent  of  these  losses 
would  have  been  residential,  16  percent  commercial,  and  70  percent 
industri  •■!,  with  the  remaining  4  percent  in  the  ufil.lt”.  public, 
highway  and  erosion  categories.  Breaking  these  losses  down  by 
community,  Warwick  and  Cranston  would  each  receive  about  47  percent 
of  the  total  losses  with  the  remaindt:  in  West  Warwick.  If  a  flood 
of  an  estimated  50-year  frequency  had  occurred,  the  loss  figures 
would  have  risen  to  more  than  $7  million  with  5  percent  in 
residential  losses,  17  percent  commercial,  and  76  percent 
industrial,  with  the  remaining  2  percent  in  other  categories. 
Warwick  would  have  sustained  69  percent  of  the  losses,  Cranston  29 
percent  and  West  Warwick  the  remainder. 

Damages  in  the  remaining  zones  for  these  two  events  are  minor.  For 
zones  2A  (1  &  2)  and  3,  there  is  a  total  damage  for  a  20-year 
frequency  event  is  less  than  $28,000  and  for  a  50-year  event  the 
losses  would  increase  to  less  than  $94,000.  As  damages  along  the 
Pocasset  River  (zones  6A  and  6B)  and  Meshanticut  Brook  (zones  4A 
and  4B)  for  these  two  events  would  be  minor  and  confined  mainly  to 
basement  flooding,  a  detailed  damage  survey  was  considered 
unnecessary.  Damages  for  the  remaining  zones  were  spot  checked  at 
a  100-year  flood  level  with  results  indicating  that  ‘fosses  would  he 
negligible  in  comparison  to  the  potential  damages  along  the  main 
stem  of  the  Pawtuxet.  Therefore,  a  detailed  damage  survey  for  any 
specified  event  in  these  reaches  was  considered  unwarranted. 

As  previously  stated,  the  effects  of  the  increased  "upstream" 
urbanization  will  result  in  higher  damages  to  downstream  areas  even 
without  any  new  development.  As  the  peak  discharges  increase  by  10 
percent  by  1990,  the  flood  stages  will  rise,  thereby  creating 
higher  monetary  losses  in  1990  will  result  in  damages  of  more  than 
$3,648,700.  If  the  50-year  flood  were  to  occur  under  the  1990 
increased  run-off  conditions,  the  losses  would  rise  to  over 
$5,469,300.  This  Is  exclusive  of  any  new  construction  or  increased 
value  in  machinery  or  goods^  stored  in  any  of  the  existing 
structures.  All  of  these  figures  are  at  September  1978  price 
levels. 

Average  Annual  Damages 

Based  upon  the  evaluation  of  structures  that  existed  during  the 
conduct  of  the  damage  survey  and  the  increased  runoff  due  to 
upstream  urbanization,  the  average  annual  damages  by  zones  are 
given  in  the  following  tabulation: 
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Zone 


Average  Annual  D ama ges 


Annual  Damages 


2A-1 

600 

2  A- 2 

42,300 

3 

1,300 

4 

258,600 

5 

158,900 

6 

107 ,200 

7 

336,700 

8 

523,200 

Sept.  1978  Price  Levels 

,428,900 

ENVIRONMENTAL  RESOURCES 


GROUND  WATER 

Ground  water  favorability  in  the  Pawtuxet  Ri-er  Basin  has  been 
mapped  by  the  U.S.  Geological  Survey,  the  Rhode  Island  Water 
Resources  Board  and  the  Rhode  Island  Development  Council.  One  of 
the  most  promising  ground  water  acquifers  lie  in  the  southeastern 
Coventry-northeastern  West  Greenwich  area  bounded  by  the  Flat  River 
Reservoir,  Tiogue  Lake  and  Lake  Mishnock  (see  Plate  1-2)  and  the 
other  lies  in  eastern  Cranston-southwestern  Providence  area  located 
between  the  Pawtuxet  and  Woonasquatucket  Rivers.  Both  aquifers 
occur  in  glacial  outwash  ranging  in  thickness  from  50  feet  to  more 
than  100  feet.  Small  ground  water  supplies  may  be  obtained  in  all 
of  the  remaining  basin  communities  from  glacial  outwash  deposits 
(generally  less  than  50  feet  thick)  or  from  bedrock. 

Ground  water  in  the  South  Branch  drainage  area  aquifers  is 
generally  of  good  chemical  quality,  except  for  scattered 
concentrations  of  iron  and  manganese.  The  thickest  outwash  is 
located  in  the  Mishnock  Swamp  area  northeastward  from  the  proposed 
Big  River  Reservoir.  The  Kent  County  Water  Authority  obtains 
nearly  3  mgd  from  wellfields  at  the  southern  and  eastern  flanks  of 
this  aquifer  for  use  within  the  basin.  The  relatively  thin  outwash 
deposits  within  the  proposed  Big  River  Rerservoir  area  have  been 
reported  to  be  only  partly  saturated  with  water.  Possible  future 
export  of  ground  water  f.om  the  South  Branch  system  could  result  in 
reduced  natural  discharges  in  the  tributary  streams  as  well  as  the 
South  Branch.  Injection  of  treated  wastewater  into  aquifers  was 
rejected  in  the  SENE  study  report  (see  page  1-7)  as  an  uneconomical 
method  for  aquifer  recharge  within  the  basin.  However,  land 
disposal  by  spray  irrigation  on  appropriate  forest  lands  in  eastern 
West  Greenwich  was  considered  to  be  a  future  option  which  could  aid 
aquifer  recharge  in  the  South  Branch  system. 
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Over  3  mgd  are  presently  withdrawn  from  the  Crauston-Providence 
aquifer  by  a  major  brewing  company  and  other  Industrial  users-  It 
is  unlikely  that  public-supply  wells  will  be  developed  in  this 
aquifer  because  of  the  high  potential  for  contamination  in  this 
urban  area  the  moderately  high  iron  and  chloride  concentrations. 
However,  increased  industrial  withdrawals  may  be  expected  from  this 
outwash  aquifer  and  the  moderately  productive  underlying  bedrock 
aquifer. 

SURFACE  WAT; Mi  SUPPLY 

The  western  half  of  the  basin  (spec.il  l;  ally ,  the  watershed  areas  in 
the  six  upper  basin  towns  that  drain  into  the  Scituate  and  Flat 
River  Reservoirs)  and  the  wester:  sections  of  Johnston  and  Cranston 
are  serve!  by  private  wells.  The  eastern  and  southern  sections  of 
Cranston,  the  southwestern  corner  of  Providence,  and  the 
southeastern  section  of  Johnston  are  serviced  by  the  Providence 
Water  Supply  Hoard,  wbf’h  obtains  all  of  Its  existing  supply  (72 
mgd)  from  Scituate  Reservoir.  This  reservoir  is  fed  by  five 
upstream  reservoirs  (Ponaganset,  Barden,  Wcatconnaug,  Moswansicut 
and  Regulating  Reservoirs)  in  Glocester,  Poster  and  Scituate. 

Other  communities  in  the  Providence  system  (all  supplied  by 
Scituate  Reservoir)  are  Providence,  Ea;r  Providence,  most  of  North 
Providence,  and  the  southern  and  eastern  sections  of  Sm  ihfielrf- 

The  Kent  County  Water  Authority  uses;  wells  in  Covent  and  Fast 
Greenwich  that  yield  nearly  10  mgd  and  are  supplemented  by 
purchased  water  from  Scituate  Reservoir,  ir  service1  Vd  -i-  Warwick, 
East  Greenwich,  the  southeastern  corner  of  Scituate,  the  eastern 
section  of  Coventry  and  the  northeastern  corner  of  West  Greenwich. 
Supplemental  supply  is  also  obtained  from  Carr  l-ond  in  eastern  Wert 
Greenwich  (safe  yield  0.6  mgd /pumping  capacity  1.2  mgd)  A  summary 
of  the  water  supply  sources  for  tho  Pawtuxet  Fiver  Basin  is  shown 
in  Table  1-1. 

Water  supply  demand  projections  by  the  Rhode  Island  Water  Resources 
Board,  the  Rhode  Island  Statewide  Planning  Program  and  the  SENE 
Study  have  determined  that  the  72  mgd  safe  yield  of  Scituate 
Reservoir  would  be  unable  to  meet  1983-1990  needs  of  the  Providence 
system.  In  addition  to  expansion  of  existing  service  areas  now 
served  by  the  Providence  system,  it  is  anticipated  that  at  least 
four  Narragansett  Bay  communities  (Barrington,  Bristol,  Warren  and 
Warwick)  will  soon  ne  ■’  supplies  from  an  augmented  Providence 
system.  Several  lower  Narragansett  Bay  communities  may  also  have 
to  obtain  future  supplies  from  the  Providence  system  in  the  event 
that  yields  from  additional  wells  in  the  upper  Pawcatuck  River 
Basin  are  unable  to  accommodate  the  future  water  supply  needs,  of 
southeastern  Rhode  Island. 
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Table  1-1 


SUMMARY  OF  WATER  SUPPLY 
PAWTUXET  RIVER  BASIN 


Water  Supply 
Agency 

Communities 

Served* 

Population 

Served 

Source 
of  Supply 

1975  Safe 
Yield,  mgd 

Kent  County 
Water  Authority 

Coventry 

E.  Greenwich 
Scituate 

W.  Greenwich 
W.  Warwick 

21,300 

9,800 

1 ,400 

700 

24,000 

Ground 

Water 

9.29 

City  of  Providence 

Water  Supply  Board 

Providence 

Cranston 

Johnston 

N.  Providence 
E.  Providence 
Smithf ield 
Warwick 

168,000 

72,000 

16,800 

20,310 

49,900 

11,220 

78,500 

Surface 

Water 

72.0 

*  Communities  not  listed  are  served  by  private  wells. 
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Recognizing  Che  above  needB,  Che  Rhode  Island  Water  Resources  Board 
has  acquired  Che  necessary  reservoir  lands  and  has  iniciated 
preliminary  design  studies  for  the  proposed  hip,  River  Reservoir 
project.  The  project  would  be  located  on  the  Hi g  River  just 
upstream  from  Che  southern  arm  of  Che  Flat  River  Reservoir.  It 
would  produce  an  initial  yield  of  20  mgd  prior  to  diversion  of 
flood  skimming  waters  from  the  Flat  River  and  other  outer  basin 
transfers.  Ultimate  allocation  of  storage  at  Big  River  for  these 
diverted  waters  could  reduce  the  net  yield. 

It  is  anticipated  that  future  needs  of  the  other  communities  in  the 
basin  could  be  met  by  development  of  wells  in  the  Mishnock  Swamp 
aquifer  by  the  Kent  County  Water  Authority  (estimated  yield  3  mgd) 
and  by  local  water  supply  wells  near  the  margins  of  the  Scituate, 
Flat  River  and  Big  River  Reservoirs. 
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WATER  QUALITY 


The  Pawtuxet  River  Basin  is  one  of  the  most  polluted  in  Rhode 
Island.  Water  quality  in  the  Pawtuxet  River  Basin  ranges  from 
Class  A  (suitable  for  domestic  water  supply)  at  Scituate  Resrvoir 
and  Big  River,  Class  B  (suitable  for  domestic  water  supply  with 
appropriate  treatment  and  for  swimming)  for  Flat  River  Reservoir 
and  the  upper  reaches  of  the  North  and  South  Branches  and  Cla86  C 
(suitable  for  fish  and  wildlife  habitat  and  boating)  for  most  of 
the  main  stem.  While  at  times  conforms; 'on  to  these  classifi¬ 
cations  values  they  remain  long  term  goals  as  established  in  1977 
by  the  Rhode  Island  Department  of  Health.  A  map  showing  these 
water  quality  classifications,  is  presented  in  Plate  1-4.  Although 
the  environmental  objective  of  the  Federal  Water  Pollution  Control 
Act  amendments  of  1972  is  to  attain  a  minimum  of  Class  B  waters 
everywhere,  economic  and  technologic  limitations  could  preclude 
such  attainment  in  the  lower  Pawtuxet  River  Basin. 

Water  quality  degradation  within  the  basin  can  be  attributed  to 
both  rural  and  urban  problems.  The  rural  problems  along  the  upper 
reaches  of  the  North  and  South  Branches  can  be  attributed  to  the 
lack  of  municipal  treatment  facilities.  Inadequate  subsurface 
disposal  units,  incomplete  onsite  treatment  of  industrial  wastes 
and  frequent  occurrence  of  low  flow  conditions  contribute  at  times 
to  high  pollutlonal  loadings. 

The  urban  problems,  along  the  lower  reaches  of  the  North  and  South 
Branches  and  the  main  stem  are  caused  by  urban  runoff  and  the 
effluents  from  three  municipal  treatment  facilities  and  several 
industrial  and  State  institutional  treatment  facilities.  Although 
all  facilities  provide  the  equivalent  of  secondary  treatment, 
significant  pcllutional  loadings  remain  in  the  discharges  that 
further  degrade  the  already  impaired  water  quality  caused  by  the 
upstream  conditions.  In  addition,  dams  along  the  South  Branch  and 
the  main  stem  cause  sluggish  flows  and  sedimentation  of  settleable 
solids,  including  organic  wastes,  thereby  reducing  dissolved  oxygen 
levels. 

There  are  four  basic  future  needs  within  the  basin:  1)  provision  of 
a  regional  treatment  facility  in  Coventry  or  expansion  and/or 
modification  of  the  existing  Warwick,  West  Warwick  and  Cranston 
treatment  facilities;  2)  addition  of  more  sophisticated  treatment 
components  at  existing  treatment  plants  to  remove  any  objectionable 
parameters;  3)  expansion  of  existing  treatment  facilities  as  needed 
to  handle  future  growth;  and  4)  resolution  of  the  existing  problem 
of  insufficient  low  flows  throughout  the  lower  basin.  Some  of 
these  needs  may  not  be  possible  to  resolve. 
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Water  quality  sampling  is  conducted  periodically  by  the  Rhode 
Island  Department  of  Health.  Water  quality  data  in  association 
with  related  projects  for  the  basin  have  been  collected  by  the 
Corps  of  Engineers  and  the  Environmental  Protection  Agency  (EPA)  at 
two  stations  on  the  main  stem  and  one  station  each  on  the  North  and 
South  Branches.  On  the  main  stem.  Station  1  is  located  at  the 
Broad  Street  Bridge  near  the  mouth  of  the  Pawtuxet  River,  and 
Station  2  is  at  the  Providence  Street  Bridge  (Route  33)  in  West 
Warwick- Warwick,  just  upstream  of  the  Natick  Dam.  Station  3  is  on 
the  South  Branch  at  the  Providence  Street  Bridge  in  West  Warwick, 
just  upstream  from  the  confluence  with  the  North  Branch.  Station  4 
is  located  on  the  North  Branch  at  the  Main  Street  Bridge  in  West 
Warwick.  Water  sampling  began  in  September  2975  and  continued  on  a 
monthly  basis  to  April  1976.  The  results  are  presented  in  Tables 
12  thru  15  of  the  planning  and  hydrologic  analysis  in  Appendix  4. 

SOILS  AND  VEGETATION 

Narrow  bands  of  poorly  drained  alluvial  soil  are  found  in  the 
bottom  lands  along  many  streams  throughout  the  basin.  Most  of  the 
adjoining  lowland  soil  of  Cranston  and  Warwick  consists  of  the  well 
drained  Merrimac  fine  sandy  loam  of  the  granitic  outwash  plains. 

In  the  relatively  low  hills  of  Cranston,  Johnston,  West  Warwick, 
West  Greenwich  and  Exeter,  the  upland  soil  is  principally  well 
drained  Narragansett  stone  fine  sandy  loam. 

The  soil  In  the  higher  uplands  of  the  the  remainder  cf  the  basin, 
consists  of  the  well  drained  Glocester  stony  fine  Bandy  loam,  which 
is  one  of  the  least  fertile  soils  within  Rhode  Island.  Sections  of 
southern  Scituate,  southern  Foster  and  northern  Coventry  have 
fairly  extensive  areas  of  rough  stony  land  of  Glocester  soil 
material  (boulders).  The  principal  soils  of  the  depressions  in  the 
northwestern  quadrant  of  the  basin  are  the  poorly  drained  Scituate 
and  Whitman  stony  loams.  Many  of  the  depressions  in  the 
southwestern  quadrant  of  the  basin  consist  of  poorly  drained 
Whitman  stony  loam  where  wetlands  have  formed. 

Hinckley  loam  sand  (a  droughty  soil)  is  frequently  found  In  areas 
where  kames  were  formed,  such  as  in  the  Meshanticut  Brook  section 
of  Cranston,  the  northeastern  section  of  Scituate,  the  North  Branch 
section  of  Scituate,  the  southeastern  corner  of  Coventry,  the 
northeastern  corner  of  West  Greenwich  and  the  Foster  Center  area, 
for  examples. 

Information  compiled  by  the  U. S.  Department  of  Agriculture 
indicates  that  dairy  farming  is  the  largest  agricultural  activity, 
followed  by  poultry  farming,  fruit  growing  (orchards)  and  market 
(truck)  gardening.  Considerable  acreages  of  the  lighter  textured 
Merrimack  and  Narragansett  soils  that  were  cultivated  in  past 
centuries  have  been  abandoned. 
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The  heavier  textured  soils  are  well  suited  to  market  crops  such  as 
potatoes  and  small  fruits.  All  of  the  granite  soils  cf  the  basin 
are  acidic  and  require  lime  for  optimum  yields  for  most  crops  or 
pasture.  Berry  crops  could  be  cultivated  in  existing  soils  to  good 
advantage.  About  82  percent  of  the  land  in  the  six  western 
communities  is  forested,  about  3  percent  is  under  intensive 
cultivation  and  about  4  percent  is  pasture  land.  In  the  east  about 
61  percent  of  Johnston  is  forested  as  are  23  to  31  percent  of  the 
lands  in  Warwick,  Cranston  and  West  Warwick.  About  14  percent  of 
Cranston  is  under  cultivation,  but  only  2  to  4  percent  of  West 
Warwick,  Warwick  and  Johnston  lands  are  c-.ltivated.  Pasture  land 
ranges  from  3  percent  in  West  Warwick  to  7  percent  in  Cranston. 

The  forest  community  in  the  eastern  half  of  the  basin  is  composed 
primarily  of  hardwoods,  with  scattered  stands  of  pine6  and  cedars. 
The  deciduous  growth  consists  principally  of  oaks  (red,  white, 
black  and  scarlet)  and  occasional  stands  of  gray  birch,  aspen, 
black,  cherry,  maple  trees  as  well  as  sumac,  grape  and  bayberry. 

The  wooded  swanks  contain  red  maple,  swamp  white  oak,  red  ash,  elm, 
aspen,  willow  trees  along  with  swamp  azalea,  witch  hazel,  high  bush 
blueberry  and  other  shrub  growth.  Most  of  the  western  half  of  the 
basin  contain  conifers,  either  in  pure  of  mixed  stands.  White  and 
pitch  pine  are  dominant  with  frequent  stands  of  red  and  white 
cedar.  Hardwood  stands  include  ash,  birch,  elm,  hickory,  maple, 
oak,  poplar  and  willow. 

The  largest  wetland  area  within  the  basin  is  Mishnock  Swamp  In 
southeastern  Coventry  and  northeastern  West  Greenwich.  Other 
extensive  wetland  areas  occur  along  the  Big,  Nooseneck  and  Carr 
Rivers  that  drain  as  a  system  Into  the  Flat  River  Reservoir. 
Numerous  smaller  wetlands  occur  along  the  lower  reaches  of  the 
Pocasset  River  In  southeastern  Cranston  and  along  the  western 
tributaries  of  the  Pocasset  River  and,  Meshanticut  Brook  In  western 
Johnston  and  western  Cranston,  respectively. 


HUMAN  RESOURCES 

POPULATION  CHARACTERISTICS 

The  estimated  1970  population  residing  within  the  basin  limits  was 
180,000.  Based  on  a  basin  area  of  230  squre  miles,  the  population 
density  was  about  782  persons  per  square  mile.  The  more  heavily 
populated  eastern  third  of  the  basin  contains  estimated  population 
densities  as  follows: 


Community 

Population  Density 
(people/square  mile) 

Coventry  (eastern  quarter  only) 

884 

Cranston  (nearly  100%) 

2,603 

Johnston  (western  77%) 

598 

Providence  (southwestern  18%) 

8,182 

Warwick  (northern  23%) 

2,087 

West  Warwick  (northwestern  62%) 

3,750 

Using  1970  data,  the  average  population  density  for  the  selected 
portions  of  these  six  communities  that  are  located  in  the  eastern 
portion  of  the  basin  (162,100  persons  residing  in  70.9  square 
miles)  was  2,054.  Warwick,  Cranston  and  West:  Warwick  with  total 
estimated  population  of  110,400  persons  residing  in  4’  7  square 
miles  have  a  population  density  average  of  about  2, bo-7  persons  per 
square  mile. 

Information  was  compiled  concerning  residents  living  in  11  of  the 
13  communities  located  entirely  or  partially  within  the  basin. 
Because  the  towns  of  Smithfield  and  East  Greenwich  have  less  than 
one  percent  of  their  land  area  located  within  the  basin,  no 
information  waa  compiled  concerning  residents  of  those  two  towns. 

Data  concerning  population,  education,  income,  employment  skills 
and  housing  are  presented  in  Tables  1-2  through  1-6.  In  1970,  7.8 
percent  of  the  948,844  residents  of  Rhode  Island  were  foreign  born 
and  25  percent  of  the  population  had  foreign  or  mixed  parentage. 
Roughly  one-third  of  those  ethnic  backgrounds  were  Italian  or 
Canadian.  British,  Irish,  Spanish,  Portuguese,  Polish  and  Russian 
origins  accounted  for  another  third,  with  all  other  origins 
accounting  for  the  remainder.  About  3.3  percent  of  the  State 
population  is  non-white.  The  black  population  is  predominantly 
native  born,  slightly  more  than  half  reside  within  the  city  of 
Providence.  Because  community  growth  is  influenced  to  a  large 
degree  by  available  land,  services,  and  capital,  information 
concerning  population  projections  and  community  development  is 
presented  in  later  paragraphs  near  the  end  of  this  report  section. 


TABLE  1-4 


HOUSING  OCCUPANCY 
(1970  Units) 


Community 

Total 

Units 

Vacant 

Units 

Median 

Value* 

Owner 

Occupied 

Renter 

Occupied 

($) 

<%) 

(%) 

Coventry 

6,970 

81 

17, 900 

79.  1 

20.9 

Cranston 

27,859 

1,  169 

18,  600 

46.  0 

49.8 

Exeter 

795 

91 

15,  300 

67.  0 

21.  5 

F  oster 

839 

68 

15,  700 

78.  3 

13.6 

Glocester 

1,  620 

81 

16, 800 

80.  2 

14.8 

J  ohnston 

5,  212 

184 

18, 600 

64.  3 

32.2 

Providence 

68, 132 

4,978 

16,  800 

33.  2 

59.  5 

Scituate 

2,  302 

119 

19,700 

78.  1 

16.8 

Warwick 

25.  <826 

892 

17, 100 

79.2 

17.4 

West  Greenwich 

621 

62 

15, 900 

65.  7 

24.  3 

West  Warwick 

8,  113 

307 

17, 300 

52.4 

43.8 

*  Owner-occupied  year-round  housing  (median  value  for  Rhode  Island  is 
$18,200  in  1967  dollars). 
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TABLE  1-5 


HOUSING  TYPES 
1970  Units 


Community 

Total 

Units 

Single 

Family 

2-4 

Family 

5-Plus 

Family 

Mobile 

Units 

(%) 

(%) 

(%) 

(%) 

Coventry 

6,  970 

82.  1 

13.9 

4.8 

3.  3 

Cranston 

27, 859 

64.  8 

28.4 

6.6 

few 

Exeter 

795 

69.  6 

4.4 

2.  1 

23.9 

Foster 

8  39 

87.  5 

4.  8 

1.  5 

6.  2 

Gloc ester 

1, 620 

84.  5 

9.4 

- 

6.  1 

Johnston 

5,  212 

74.  8 

22.  5 

2.4 

0.  3 

Providence 

68, 132 

21.  7 

57.9 

20.4 

few 

Scituate 

2,  302 

86.  9 

10.  7 

1.0 

1.4 

Warwick 

25, 826 

86.  0 

7.  9 

5.  7 

0.  3 

West  Warwick 

8,  113 

46.  6 

40.  0 

13.4 

few 

NOTE:  The  majority  of  the  621  dwellings  in  West  Greenwich  are  single 
family  structures,  but  detailed  breakdown  is  unavailable. 
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TABLE  1-6 


HOUSING  VINTAGE 
(Period  Built) 


1939- 

1940- 

1950- 

I960- 

Community 

earlier 

1949 

1959 

1970 

(%) 

(%) 

<%) 

(%) 

Coventry 

29.6 

10.4 

22.  9 

37.  1 

Cranston 

48.4 

12.  5 

20.4 

18.  7 

Exeter 

23.4 

10.7 

23.  8 

42.  1 

Foster 

49.  5 

11.4 

19.7 

19.4 

Glocester 

41.4 

11.7 

18.0 

28.  9 

Johnston 

39.8 

11.0 

24.4 

24.8 

Providence 

80.7 

7.  5 

6.8 

5.0 

Scituate 

37.0 

9.4 

24.  6 

29.0 

W  arwick 

34.  2 

14.8 

29.7 

21.  3 

West  Warwick 

55.  3 

8.7 

15.8 

20.2 

NOTE:  Data  for  West  Greenwich  is  unavailable. 
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Population  projections  for  the  region  were  developed  in  19V2  by  the 
Bureau  of  Economic  Analysis  of  "he  U.L.  Department  of  Comt-.-r ce. 
Based  on  tills  data,  it  is  projected  that  the  population  density  in 
the  upper  Pawtuxet  Basin  will  increase  from  315  people  per  square 
mile  in  1970  to  540  per  square  mile  in  1990.  This  growth  is 
expected  to  result  in  a  50  percent  increase  in  impervious  cover 
from  about  8  to  12  percent,  and  result  in  a  10  percent  increase  in 
peak  discharge.  At  least  a  comparable  percent  increase  is  expected 
between  1990  and  2020.  It  should  be  noted  that  some  population 
figures  and  densities  in  this  section  deal  with  the  entire  basin, 
while  others  deal  with  the  headwater  tributaties,  Meshanticut  Brook 
and  the  North  and  South  Branches  only. 


DEVELOPMENT  _A ND  ECONOMY 

EARLY  DEVELOPMENT 

Prior  to  the  arrival  of  European  settlers,  Rhode  Island  was 
inhabited  by  five  Indian  tribes  of  Algonquin  (Algonkian)  stock. 

The  Narragansett  (Nahiganset)  Nation  occupied  most  of  the 
’arragansett  Bay  -  Pawtuxet  River  Basin  area,  with  the  Niantic, 
Nipmuc,  Pequot  and  Wampanoag  tribes  occupying  surrounding  areas. 
Except  for  skirmishes  with  rival  tribes,  the  Narragansetts  were 
peaceful  farmers,  hunters  and  fishermen.  Historians  have 
documented  that  European  navigators  explored  the  Narragansett  Bay 
area  in  1524  (Giovanni  da  Verrazano,  an  Italian  sailing  for  France) 
and  1614  (Adraln  Block,  Dutch  navigator)  with  the  poc-v'bil.ity  that 
Miguel  de  Cortereal  (Portuguese  navigator)  sailed  along  the 
entrance  to  the  bay  in  1511. 

The  first  European  settlement  was  established  in  1636  when  Roger 
Williams  fled  the  Massachusetts  Bay  Colony  is  search  of  religious 
and  political  freedom.  He  established  a  new  colony  at  Providence. 
Most  of  the  northern  half  of  the  present  State  of  Rhode  Island  was 
purchased  by  Williams  from  the  Narragansett  Indians.  This  area 
extended  generally  from  Massachusetts  on  the  north  to  the  northern 
border  of  Coventry  on  the  south,  and  from  Connecticut  on  the  west 
to  the  Blackstone  River  on  the  east. 

Settlements  in  other  sections  of  the  Pawtuxet  River  Basin  soon 
followed.  In  1638,  friends  of  Roger  Williams  settled  an  area  at 
the  Cranston  side  of  the  river  mouth  known  as  Pawtuxet  Purchases. 

A  third  settlement  was  bounded  in  1642  at  Shawomet  at  the  head  of 
old  Warwick  Cove  in  Warwick,  when  another  Providence  group 
purchased  land  from  the  Mishaoraet  (Shawomet)  branch  of  the 
Narragansetts.  Coventry  was  established  in  1643  as  part  of  the 
Shawomet  Purchase.  Although  not  documented  by  specific  dates, 
settlements  also  occured  within  the  present  towns  of  Glocester, 
Foster,  Scituate,  Smithfield  and  Johnston,  as  part  of  the  expansion 


of  the  Providence  Colony.  At  the  southern  end  of  the  basin,  Exeter 
was  part  of  a  colony  established  in  1641  (now  call'd  North 
Kingstown)  that  was  incorporated  in  1674  as  part  of  a  larger  area 
known  as  King's  Towne. 

All  of  the  Rhode  Island  colonies  maintained  good  relations  with  the 
Narragansetts  until  1675,  when  the  Narragansetts  joined  forces  with 
Philip  (Metacomet),  chief  of  the  Wampanoags.  Philip  believed  his 
tribe  had  received  unfair  treatment  from  the  Massachusettfj  Bay  and 
Plymouth  colonists.  Many  white  settlers  and  Indians  were  killed 
and  towns  burned  during  King  Philio'e  War  until  Philip  suffered  a 
major  defeat  in  the  Great  Swamp  Fight  (1675)  in  King's  Towne.  He 
was  killed  the  next  year  near  Mount  Hope  (now  Bristol),  a  village 
southeast  of  Providence.  In  1677  following  the  war,  the  town  of 
East  Greenwich  was  incorporated.  It  then  included  the  present  West 
Greenwich  area. 

During  these  early  development  years,  the  coastal  region  offered 
fertile  farming  and  grazing  lands.  Slaves  frequently  worked  the 
fields  as  a  result  of  the  molasses-rum-slave  trade  that  had 
developed  at  the  nearby  Rhode  Island  ports  of  Newport  and  Westerly. 
All  jf  the  scattered  villages  within  the  basin  were  principally 
agricultural  communities.  Most  products  were  handmade.  Early 
industries  included  gristmills  and  sawmills  at  a  few  waterpower 
sites  and  an  iron  foundry  in  the  southeastern  section  of  Scituate. 
Limited  mining  of  bog  iron  ore,  soapstone  and  granite  oc.  virred  in 
the  Cranston- Johns ton  area.  Industrial  development  did  not  occur 
until  the  early  1800's,  after  the  development  of  textile  and  silver 
plating  industries  in  the  Providence-Pawtucket  area  to  the 
northeastward.  A  small  fishing  Industry  developed  in  the  Cranston- 
Warwick  area,  but  the  seaport  of  Providence  served  the  commerce 
needs  of  the  basin,  as  it  does  today. 

During  the  early  1800's,  numerous  waterpower  sites  were  developed 
for  the  manufacture  of  textiles  in  Cranston,  Johnston,  West 
Warwick,  Coventry  and  the  southeastern  section  of  Scituate. 
Jewelry-silverware  industries  also  developed  in  Providence, 

Cranston  and  Johnston.  Over  30  small  villages  developed  around  the 
Industrial  sites  along  the  P awtuxet  River,  the  North  and  South 
Branches,  and  along  the  Pocasset  River.  Subsequent  development  of 
fabricated  metal  industries  occurred  in  Cranston,  Warwick, 
Providence,  Johnston,  West  Warwick  and  Coventry. 

LATER  DEVELOPMENT  AND  URBANIZATION 

During  the  Industrial  Revolution,  the  western  sections  of  Warwick 
were  settled  near  available  waterpower  sites.  Similarly  the 
eastern  section  of  Coventry  and  the  southeastern  section  of 
Scituate  were  settled  at  that  time.  Attracted  by  cheap  land  and 
the  availibility  of  water,  weal:hy  families  built  textile  mills 


along  the  river  attracting  workers  to  the  area-  Separate  villages 
grew  around  each  major  group  of  mills  and  became  more  or  less 
independent  communities.  Each  set  of  mills  was  worked  primarily  by 
members  of  one  ethnic  group  and  became  the  economic  center  of  a 
community  with  a  distinct  ethnic  flavor.  As  employers  searched  for 
cheaper  labor,  British  mill  workers  were  displaced  first  by  the 
Irish,  then  by  Frensh-Canadians ,  Polish,  Italians  and  most 
recently,  Portuguese  workers.  New  communities,  established  through 
sheer  number,  developed  organizations  such  as  the  ethnic  church, 
encouraging  a  sense  of  separateness  long  after  the  residents  spole 
a  common  language  and  had  ceased  to  be  competitors.  With  the  mills 
offering  secure  employment,  population  ^ n  the  area  concentrated 
around  them.  This  growth  of  local  neighborhoods  was  sufficiently 
strong  In  later  years  to  preclude  the  development  of  "downtown"  or 
central  business  centers  in  the  basin  communities,  except  in 
Providence. 

During  the  period  between  the  Civil  War  and  World  War  I,  the  lower 
basin  area  prospered  and  the  nearby  Johonston-Provi dence  villages 
along  the  Woonasquatucket  River,  the  Warwick-Coventry-Scituate 
villages  and  the  Cranston  villages  along  the  Pocasset  River  and  the 
lower  main  stem  also  continued  to  grow  steadily.  In  1913,  the 
industrial  villages  of  Warwick  along  the  North  and  South  Branches 
and  all  of  the  industrial  villages  along  the  upper  main  6tem  except 
Pontiac  separated  from  the  main  area  of  Warwick  and  formed  the 
separate  town  of  West  Warwick.  West  Warwick  was  industrial,  while 
Warwick  remained  largely  a  series  of  unconnected  agricultural  and 
recreational  villages  in  a  less  developed  atmosphere. 

Although  the  area  economy  propsered  during  World  War  I,  the 
extensive  textile  industry  in  the  lower  basin  communities  started 
to  decline  during  the  1920's  because  of  competition  from  the  many 
textile  firms  that  had  moved  to  the  south.  During  the  national 
depression  that  prevailed  during  the  1930's,  there  was  relatively 
little  growth  within  the  basin.  The  major  waves  of  immigration  had 
ended  and  there  were  limited  job  opportunities  in  the  basin. 

A  turning  point  in  the  regional  economy  occurred  in  the  early 
1940's  during  World  War  II  when  a  major  economic  uplift  was 
experienced,  especially  in  the  mills  that  could  be  converted  to  war 
material  production.  A  shift  toward  many  new  industries  occurred: 
electronics,  precision  instruments,  electrical  machinery, 
fabricated  metals,  plas' ics  and  synthetic  fibers.  In  addition, 
many  new  jobs  were  crea'ad  at  large  naval  installations  at  nearby 
North  Kingstown  (Davisvrlle  and  Quonset  Point)  and  at  Newport  Naval 
Base.  The  extension  of  the  State-operated  public  transit  system 
into  the  Providence  suburbs  and  the  trend  toward  commuting  by 
automobile  were  significant  factors  in  the  postwar  growth  of  the 
lower  basin  communities. 
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Although  Providence  is  still  the  .-irgejt  eit'f  ( approximately 
180,000  population)  and  the  p- -  •  plat.  •  c;7  em. ■  i oyr-  -nt. 

(approximately  131.000  jobs't  w  i‘ <■.  n  .'he  !  tala,  two  conditions  have 
developed  since  1950.  One  is  v'*e  <v.  < ward  migration  of  residents 
who  prefer  to  live  in  larger  homes  on  larger  lots  within  the 
suburbs.  The  second  i.;  the  decreasing  avai lability  of  large  blocks 
of  vacant  land  within  the  city  which  negates  the  expansion  of 
existing  industries  or  development  of  new  industries  that  us.  ally 
require  sizeable  single-floor  plant-.  fo’  efficient  operation-  This 
second  condition  was  partially  offset  d»*Tnf*  the  mid-1960's  by 
converting  a  rundown  warehouse  area  at  !>  hcadwatt-rs  of  Hashapaug 
or  Roger  Williams  Brook  in  southwestern  Providence  into  a  modern 
industrial  park  that  Is  currently  occupied  b>  jewelry,  footwear, 
plastics  and  printing  firm;;. 

Population  growth  figures  (1950-1970)  for  the  basi.it  communities  and 
population  pro  lections  for  1990  and  2020  are  shown  in  Table  1-7. 
Excluding  Providence  which  lost  population  (t. 9,000)  between  1950 
and  1970,  population  in  the  other  ten  communities  listed  in  the 
table  increased  from  150,  i.72  in  1950  to  247, ft 49  in  1970, 
representing  a  64  percent  increase.  Between  1950  and  1970, 
population  doubled  in  the  "■’stern  set  t  ie'-;  of  Coventry  and 
Scituafe,  nearly  doubled  in  Warwick  and  lohnston,  increased  by  one- 
third  in  Cranston  and  by  one-fifth  in  densely  populated  We*  t 
Warwick  area  increased.  Except  for  the  older,  densely  •  •:  i shed 

sections  of  eastern  lohnston,  eastern  Cranston,  northern  V  n^irk, 
and  western  Vest  Warwick,  the  lower  basin  area  attract, . e"  many  new 
residents  to  the  broad  open  areas  available  for  tract  development, 
the  accessibility  of  a  good  highway  system  and  the  desirability  of 
suburban  living  close  to  Narragansett  Bay.  Although  only  a  few 
pockets  of  new  residential  growth  occurred  within  the  Pawtuxet 
flood  plain,  two  massive  shopping  malls  (125  stores)  were  built  in 
the  Warwick  flood  plains  and  a  number  of  manufacturing  and  service 
industries  were  built  or  expanded  in  the  Warwick.  Cranston  and  West 
Warwick  flood  plains.  A  summary  of  1970  land  use  in  each  basin 
community  is  presented  in  Table  1-8. 

Although  the  lower  basin  has  experienced  substantial  industrial  and 
commercial  growth  since  World  War  II,  Rhode  Island  has  generally 
experienced  substantlallj  higher  unemployment  than  the  national 
average.  As  shown  by  Figure  1-1.  Rhode  Island  has  experienced  only 
one  boom  period  since  Wo^l J  War  IT,  the  period  between  1965  and 
1970.  Since  World  War  I’  however,  the  State  has  endured  four 
major  recessions:  1948-1. Jl,  1953-1955,  1957-1959,  and  1974-1976. 
During  the  most  recent  "cession,  the  Rhode  Island  unemp ioyment 
rate  remained  roughly  twi.e  the  national  average.  Rhode  Island  has 
been  a  marginal  producer,  quick  to  teel  the  effects  of  economic 
downturn  and  slow  to  reap  the  benefits  of  prosperity.  Until  recent 
years,  there  has  been  a  preponderance  of  small  manufacturing  firms 
with  limited  resources  and  growth  potentials.  Also,  Rhode  Island 
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has  one  of  the  lowest  educational  attainment  levels  in  the  nation, 
which  has  restricted  many  residents  to  low  paying  jobs.  The  lack 
of  public  services  (water,  sewerage,  power  and  transportation)  for 
much  of  the  acreage  zoned  for  industry  has  also  been  a  restricting 
factor. 

As  shown  in  Table  1-9,  textiles  and  jewelry-silverware  have 
continued  to  be  major  industries  in  Coventry,  Providence,  Scituete 
and  West  Warwick.  However,  trade,  diversified  manufacturing, 
government  (including  education!  and  service  industries  represent 
the  major  employment  classifications  ir  most,  of  the  other  basin 
communities.  The  city  of  Providence,  as  shown  by  Table  1-10, 
continues  to  offer  the  principal  employment  opportunities  for  most 
basin  residents.  While  substantial  employment  opportunities  are 
available  in  Warwick,  Cranston,  West  Warwick  and  Coventry,  many 
basin  residents  commute  to  jobs  in  the  Providence,  North  Kingstown, 
Newport  and  eastern  Connecticut  areas.  With  the  phasing-out  of 
Rhode  Island's  major  naval  installations  at  North  Kingston  and 
Newport  in  1972-1974,  2i,000  military  personnel  and  10,000  civilian 
jobs  were  eliminated  from  the  economic  base.  In  addition  to  the 
loss  of  primary  jobs,  economic,  hardshops  were  generated  in 
supporting  industries  such  as  retail  trade  and  services.  Some  of 
this  loss  has  been  offset  by  rbe  utilization  of  a  portion  of  North 
Kingstown  facilities  for  the  construction  of  nuclear  submarines  by 
private  industry.  This  should  result  in  several  thousand  skilled 
jobs  for  metal  workers  and  machinists.  State  and  local  officials 
are  endeavoring  to  attract  additional  private  indue  trTr  to  the  area. 


While  all  of  the  lower  basin  communities  have  scattered  attractive 
residential  areas,  urban  sprawl  has  radiated  outward  from  the 
earlier  mill  villages.  Some  commercial  development  has  clustered 
around  these  older  villages,  but  extensive  commercial  strip 
development  has  occurred  along  the  main  thoroughfares.  Within  the 
past  10  years,  two  major  shopping  malls  and  two  large  shopping 
centers  were  built  along  or  near  the  main  stem  in  Warwick,  making 
that  area  a  regional  shopping  center  for  over  half  of  the  State. 
Several  smaller  shopping  centers  have  been  built  in  other 
communities. 

Most  of  the  older  industrial  development  is  located  at  existing  or 
former  waterpower  sites  along  the  main  stem  and  many  of  the 
tributaries.  More  rec  . tly,  industrial  growth  had  tended  to  be 
more  clustered  as  strip  development  along  service  roads  or 
railroads,  and  more  recently  in  industrial  parks. 

The  Pawtuxet  River  Basin  is  well  served  by  all  types  of 
transportation.  The  Cranston-Warwick  area  represents  one  of  the 
major  hubs  in  the  Rhode  Island  highway  network  system.  It  includes 
1-95  (one  of  the  principal  routes  connecting  New  York,  Providence 
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TABU:  j-Q 

PRINCIPAL  EMPLOYMFNT  WITHIN  EACH  COMMUNITY 


Community 

Coventry 


Cranston 


L  i  ployrucnt  Classifications  (1)  (2) 

Textiles,  tia.-ie,  go -e  ,  nent,  electrical  wire  and  connectors, 
chemicals,  glass  containers. 

Trade,  government,  s Ye  industries  ,  construction.  food 
products,  chemicals. 


Exeter 


Government,  trade,  service  industries,  transportation  and 
utilities,  fabricated  metal  products,  agriculture. 


F  os  ter 


Government,  service  industries ,  cade,  agriculture, 
(no  manufacturing). 


Glocester 


Government,  trade,  service  industries ,  agriculture, 
transportation  and  utilities,  construction. 


Johnston  Trade,  gov  ernment,  service  industries ,  jewelry  and 

silverware,  textiles,  fabricated  metals 


Providence  Trade,  jewelry  and  silverware,  governm*-’:'  „  finance  (3), 

service  industries,  fabricated  meals. 


Scituate 


Textiles,  government,  trade,  service  industries ,  con¬ 
struction,  agriculture. 


Warwick 


Trade,  government,  service  industries,  machinery,  elec¬ 
trical  machinery,  fabricated  metal  products. 


W.  Greenwich 


Government,  service  industries ,  trade,  construction, 
agriculture,  steel  products . 


W.  Warwick 


Trade,  textiles,  government,  service  industries , 
scientific  instruments. 


(1)  Listed  in  order  of  total  employment. 

(2)  Government  includes  municipal  educators. 

(3)  Finance  also  includes  insurance  and  real  estate.. 
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CIVILIAN  LABOR  FORCE  UNEMPLOYMENT 

1947-  1975  ANNUAL  AVERAGES 


CALENDAR  YEAR 


TABLE  1-10 

TOTAL  EMPLOYMENT  WITHIN  EACH  COMMUNITY 


Community 

Labor 
Force  (1) 

Percent 

Female 

Coventry 

12,609 

27.1 

Cranston 

31,210 

40.1 

Exeter 

2 ,  120 

49 . 1 

Foster 

1,86.1 

51.0 

Glocester 

3 , 662 

51  . 1 

Johnston 

13,038 

28.8 

Providence 

58,091 

33.8 

Scituate 

5,520 

51.7 

Warwick 

36,312  (.1) 

33.0 

W.  Greenwich  734 

33.7 

West 

Warwick 

15,569 

29.8 

Percent  Total  Employment 

Male _ within  Community  (2) 


72.9 

4,658  (1972) 

59.9 

16,713  (1968) 

51.9 

211  (1971) 

49.0 

226  (1971) 

48.9 

625  (1971) 

71.7 

3,631  (1968) 

76.2 

130,832  (1972) 

48.3 

920  (1974) 

67.0 

2 !  '00  (1974) 

66.7 

49  (1973) 

70.2 

6,159  (1971) 

(1)  1970  civilian  labor  force  data,  except  1974  data  for  Warwick. 

(2)  Estimated  manufacturing  employment  within  the  river  basin  limits  is  as 
follows:  Providence  (6,200),  Cranston  (6,000),  Warwick  (4,300)  and  West 
Warwick  (3,000). 
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and  Boston),  1-295  (the  son* .'".ve^ tern  end  of  the  outer  belt  highway 
around  Providence)  and  to  high-speed  connectors  (R1  P-37  and  the 
connector  to  the  State  Airport  in  Warwick).  At  Warwick,  1-95 
swings  soMthwestward  through  _ is  southern  basin  communites  of  West 
Warwick,  East  Greenwich,  West  Greenwich  and  Exeter.  Other 
important  routes  to  the  south,  U.S.  1  and  R1  routes  2  and  4,  all 
connects  at  Warwick  and  provide  access  to  the  lower  Narragansett 
Bay  and  South  County  summer  vacation  areas. 

The  northern  part  of  the  basin  is  served  principally  by  U.S.  6,  the 
primary  east-west  route  between  Hartford  and  Providence.  It 
connects  on  the  east  at  Providence  with  1-195  which  services  the 
Fall  River-New-Bedf ord-Cape  Cod  area.  This  route  connects  on  the 
west  with  the  Connecticut  Turnpike  and  1-84.  The  northeastern  end 
of  the  basin  is  also  serviced  by  the  southern  end  of  the  Providence 
inner  belt  highway  (RI  route  10  and  1-195).  An  extensive  system  of 
secondary  State  roads  serves  the  other  sections  Cn  the  basin. 

The  basin  is  served  by  approximately  120  contract  trucking  firms 
that  have  major  teminals  in  Providence  (about  4  miles  north  of  the 
river  mouth)  and  East  Providence.  Some  of  these  firms  have 
additional  teminals  in  Warwick,  Cranston  and  Johnston. 

Four  interstate  bus  companies,  with  central  terminals  at 
Providence,  provide  regular  runs  to  Boston,  southeastern 
Massachusetts,  Worcester,  Springfield,  Hartford,  New  Haven  and  New 
York  City.  Interstate,  bus  runs  within  the  basin  are  operated 
principal!  along  1-95  end  U  k  6.  Regional  bus  service  is 
provided  by  the  State-operated  Rhode  Island  Public  Transit 
Authority,  which  has  regular  r> ns  from  Providence  to  Warwick, 
Cranston,  Johns1,  a,  West  W.trwi.  k  and  the  Washington  section  of 
Coventry.  Addit  i' '-al  local  bus  service  is  provided  between 
Coventry  and  Wat"  .  5  be*- ween  I'.xeter  and  East  Greenwich. 

Bulk  .  set-,  c.  is  -.roivded  by  ConRai  1,  which  has  a  major 

freight  ttcmina1  in  Providence  and  small  freight  yards  in  Cranston 
and  Warv  ..  The  main  line  extends  from  Providence  southerly 
through  Cranston,  Warwi-k  and  Westerly  (HI)  and  then  westerly  to 
New  Haven  and  New  York.  Two  branch  lines  extend  from  Cranston,  one 
to  » he  vicinity  of  the  Pontiac  Section  of  Warwick  and  the  other  to 
West  Warwick  and  the  Washington  Section  of  Coventry. 

Regular  passenger  service  to  Boston,  New  York  and  Washington  is 
■adr  by  Amtr  i:,  runs  along  the  main  line-  Express  runs  stop  only  at 
Providence,  Other  runs  include  stops  nr.  West  Kingston  (in  South 
Kingston)  and  at  Westerly. 

Most  o  'he  nlr  passenger  and  a. .  freight  needs  of  Rhode  Island  are 
han',  the  state-operated  T  i  .  .ruen  Airport.,  located  near  the 

con!  ■  Warwick.  Regular  passenger  and  cargo  service  is  provided 
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by  five  major  airlines  that  iperafe  over  1.00  f'  i  gist  a  ■  "  >.iy  at  the 

airport.  Charter  service  is  provided  at  Warwick  and  also  at  the 
North  Central  State  AirporL,  located  along  the  Smithf ield-Lincoln 
line  about  7  miles  northwest  of  ’■ evidence. 

Most  of  the  waterborne  commerce  needs  of  the  basin  are  s.\-r  ed  by 
the  nearby  fart  of  Providence,  which  has  a  A 0-foot  deep  ma •: n  ah;.r; 
channel.  The  port,  has  21  terminals:  15  cargo  and  oil  terminal r 
Providence  and  6  oil  terminals  :n  i  .  Providence.  A  few 
commercial  fishing  boats  (shall? ish)  n  crate  out  of  Pawtuv  Cove 
(at  the  river  mouth)  ir  out  of  Old  Warwick  Cove  (at  the 
northeastern  end  o  :  Greenwich  Bav) ,  but  their  catches  are  ns  w*..1  i.y 
unloaded  at  Wick  ford  Harbor  or  other  harbors- 

I,  AND_ USE 

Coventry 

Coventry  is  the  .largest  town  a  the  ate  with  62-25  square  mi  les 
of  land.  Though  the  19/0  ter.--’  population  was  fairly  high  s': 

22,94/  persons,  the  population  density  is  fairly  low  at  3f 9  pern  -ns 
per  square  mile.  Coventry  is  gr.rwing  very  rapidly,  as  oviden- ed  by 
a  132  percent  increase  ir.  the  pa:;  two  decades- 

Coventry  has  less  than  one  par  ent  ,,f  Its  Ir  .d  . .  id  and 
commercial  land  while  the  county  and  the  Hts'e  aver.:;,'  ..in-  as 

much.  However,  since  Coventry  is  v.'>  times  '  argor  fher  the  overage 
town  ivi  the  State,  the  ore  pc-.-  ant  still  involves  a  fairly  large 
amount  of  land.  There  are  101  acres  of  heavy  Industry  and  2  ;7 
acres  c:  light  industrial  and  commercial  lard  Nine  percent  cl:  the 
town  is  in  residential  land  compared  to  coun'-y  and  Stale  figures  of 
lb  and  13  percent  respectively. 

Only  7  percent  of  Coventry  is  in  agriculture;  .?  percent  i.e  in 
tilled  land,  and  85  acres  are  in  cranberry  bogs.  Three  quarters  of 
Coventry  la  forested  while  the  State  averager.  59  percent  in  that 
use. 

Cranston 

Cranston  is  part  of  the  Greater  Providence  industrial  and 
commercial  complex  which  includes  F ravidence ,  North  Providence, 

East  Providence,  Pawtucket,  Central  balls,  Warwick  and  West 
Warwick.  This  large  industrial  and  commercial  complex  includes  all 
the  high  density  population  towns  in  the  State  except  Woonsocket, 
Middletown  and  Newport.  Whereas  Providence,  Central  Palls  and 
Pawtucket  are  all  losing  people,  Cranston  has  increased  its 
population  by  33  percent  from  19‘0  to  1970.  Its  population  was 
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.  and  It-,  por-ii  it  :  <  "  {vjy  y  sons  per  square  mile. 

•  r  a vi  ('ran^toa  V »  .  .;.*s  of  Jai.ri. 

'  i  ...  percent  of  Cranston  i  ic.i.srrlal  and  commercial  land  while 
>f»  St.fe  has  only  2  percent,  fc  industry  covers  166  acres  of 

in  .it  !  I  igV  in  lit  try  ?  ;  located  on  169  acres.  All  kinds  of 
activities  a  t  ]■>  '•fed  on  f  i"  acts  in  the  town,  so  Cranston  has 
nearly  twice  as  rand-  comncr  ia.1  land  as  industrial  land- 


twenty- seven  erre-it  o  the  v.wn 
yercent  th  res  .<  “nr  ia-1  *  a.'.u  i 
type  r ■' th  houses  ni  lots  with  50 
two  \i‘  rrent  o  ti  e  ves  <dcn!  !.al  la 
while  the  res i  of  it  is  dig’ it  de:> 

(’nr  a  '.airly  -.rns..  iy  poem:  v  ed  a 
area  in  farm!  id  and  l>  pe-  e..t  o 
open  graeu  sn< r*  adds  yr‘ati-  to 
'■v'rf  y -nine  p,  .'-on:  -c  <  .  v  :  c(y  * 
ivf.  percent  ■■i  t’  - 1 1 ;  is  -  .arm, 

.  rimly  pop'll atari  ••  1  ty  ,  Cr  '  strii 
••o  1 '  a  tie.  Ci  ana  ton  is  lr.eiy  to 
past  because  it  is  p.irt  ot  -he 
Pars  a  plessar -iv.nr>.  •'  to  1 
attract  o ti  ers  i  •  we \  1 . 

-.o . 

:  lilfl"  Is  nr..  *  "  *  a  i  ;e  ;•  at."  " 

■'.i.'e-'i  .f  Ian.:  j  .  tie-  M  ! •/  voo«i< 

'  >•’.  i  n  for-  • '  n  ',r  •  »-l i  a  :'.i 

'  :  k.  *?’■:  -  re  >.  C  .  .  •ati- 

::  It  /  of  '  ;  o  '.'  nnre  r 

■  by  "  a  he  r..a: 

Thei  ■  n  >  ir.dus'-ri  il  lar-  .;•••.  .a 
Exeter.  Al.l  ci  the  ec-mr-nr  i*>  !-ai 
pc-cent  of  Eye--.--  re-  -  ■  '■  .  • 

i."'.  .  idoatial  J-.  tti  1  1  - - 

Kdttfc  at; 'tent  c-  '  •»  ai 

h.aj  "  of  -’..at  a  *  ilk'n.  iru-a  a 
nest  is  pub.'  c'.;rf  ■  y  ••••<  1 
toica.  Only  "  ■je.  cer’-  ■<  rhc  t:  -  it 
97  Os";  men-  Cf  itii  tvc1.  .-r  -.a  '  '  d; 


is  residential.  A  very  large  57 
.  f  he  o1  d-f  ashik.ned,  high  density 
•  eet  of  street  frontage.  Thirty- 
rri  is  the  roedi  in  density  type 
si tv  types. 

:*  ,  Cranston  -.s  21  percent  of  its 

>  tnt;  .-'ty  is  still  tilled.  This 
!.hc  scenic  quality  of  the  city. 

>  :•  percent  i  wetland.  Fifty- 
i  crest  .<r  wet ;  and  so  for  a 

has  a  large  amount  of  green  space 
oe-  Mnue  *■<>  grew  at",  it  has  in  the 
iter  Providence  area,  and  yet  it 
■ aec  its  present  inhabitants  and 


o  ;he  State  with  56. 1C  square 
.1  own  with  86  percent  of  its 
it-;.  Park  and  Beach  Pond  State 
-n  of  3,245  anti  o  population 
The  town's  population 
!"•  ■'  .  :rs. 

y  ,-rt1e  comnorcial  land  in 
■  1  '  •  Highway  commercial.  Only  2 
the  lowest  percentage  of 

■;ira  l  uau  and  more  than  onc- 
:  part  ci  Exeter's  (If-  percent 
*  trays  be  a  heavi  ly  forested 
.  s  n  open  water  or  wetland  but 
-  fe.eat,  farm  anc  wetland. 


l'Y  iter 


Foster  is  also  a  large  town  wxth  52.28  squall  m.  -e  ;  land,  bo.  -'t 
has  the  second  lowest  population  density  t  ;.o  ftai  with  ;>0 

persons  ier  square  mile. 

Industrial  and  commercial  land  occupies  less  than  one  percent  cl 
the  land  area  in  Foster,  r  ->d  all  of  it  is  light  indust  .-*■  end 
highway  commercial  land.  Foster  has  only  ?  percent  of  • -  art-’  ■  • 
residences  and  nearly  all  of  that  is  light  density  reai.r.'n’  ?..] 

The  largest  type  by  far  is  clustered  residences  on  farm  ar»d 
forestlands.  Foster  has  one  percent  of  its  land  in  io.cd 
recreation  and  all  of  this  is  occupied  by  golf  courses  s.ud  golf 
driving  ranges. 

Farmland  covers  8  percent  of  the  town;  most  of  this  :w  nasi nre  and 
abandoned  field.  With  only  889  acres  of  tilled  land,  agriculture 
is  not  important  in  Foster.  Foster  is  heavily  forested  with  8G 
percent  of  the  town  in  this  use.  'three  percent  of  foster  is  oper 
water  or  wetland.  Ninety-seven  per  era  of  fester  is  ir.  farm, 
forest  or  wetland.  In  t  •'•'rate  as  hea-.  •  v  populated  as  Rhode 
Island,  it  is  astonishing  to  rj.rd  a-<  ra*.J,  tiuiy  wild  forestland  os 
that  located  in  the  wester*,  j  ;rt  .  All  this  went era  for  -st  f". 
located  within  30  miles  of  Greater  Provide  nee.  one  cX  •  he  ;  't 
industrial  and  coramecial  complexes  ri  (.lie  east  *  last 

Glocester 

Glocester  is  a  town  Much  like  totter  in  ov..r.  .  < spe<  :  ;  <  .ter 

is  large  with  53.58  square  un  ies  or  land.  Vi  e.  ■,  onul  afic-t  ,-raii  5,1  Ml 
and  the  population  density  is  bf.  persons  p<.  square  mi  '{<■*. 

Population  in  Foster  increased  81  percent  i  c  'in.  past  ’M)  yo«iv 
while  Glocestor's  population  increased  r.:  percent  hot.  with  so 
low  a  population  base  l:o  begin  with,  neither  I  cun  Jr.  growing  very- 
fast.  Less  than  one  percent  of  the  town  ic  in  industrial  or 
commercial  use  «nd,  like  neighboring  Foster,  Glocester  has  no  hea,r-' 
industry.  Only  4  percent  of  the  town  is  in  residential  land  and 
most  of  it  is  in  medium  and  light  density  types. 

Agricultural  land  occupies  7  percent  ot  Glocester,  including  266 
acres  of  productive  orchards.  'Eighty-lour  percent  of  the  town  Is 
forested;  only  three  towns  in  the  State  have  a  higher  proportion  of 
forest.  Four  percent  of  the  town  is  open  water  and  one  percent  ic 
wetlands,  so  that  96  percent  of  the  town  is  forest,  farm  or 
wetlands.  Unfortunately,  the  acreage  of  farmland  in  both  Foster 
and  Glocester  is  rapidly  declining  as  evidenced  by  the  amount  of 
abandoned  field  in  both  towns.  Both  towr.o  need  to  do  everything 
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they  i  an  to  encourage  the  '..m  rs  s  ■  t.‘.  >•.  tiit  land  because  I  he 

scenic  f'/ul  ty  ami  w 11 d  1 1 .  or;  duel  i  in  capacity  of  both  towns 

depend  aeav.i ly  on  «-hc  sma  . ;  , m  ;  of  farmland  present. 


Johnston 


eo'r  t • . . « - : i  is  located  on  the  fringe  of  the  Greater  Providence  area. 

It  has  1  square  mij.es  of  laid.  The  population  was  22,037 
pecs-ns  and  the  population  density  is  906  persons  per  square  mile. 
Vcpulation  : n  Johnston  has  increased  by  8/i  percent  in  the  past  20 
years-  It  Is  an  urban  town  which  serves  in  part  as  a  bedroom 
'  'mmun.Lty  for  the  Greater  Providence  area.  Johnston  is  very 
-railar  to  Lincoln  in  this  and  many  other  respects-  Two  percent  of 
Johnston  is  developed  for  industrial  and  commercial  use;  one-third 
of  this  lane  is  industrial  land  and  38  percent  of  that  is  in  heavy 
industry.  Most  of  the  commercial  land  is  highway  commercial  land. 

Hes  Idences  occupy  16  percent  of  the  town  's  area  while  the  county 
averages  14  percent  and  the  State  averages  13  percent  in  this  use. 
Twenty-six  percent  of  the  residential  land  is  the  old-fashioned, 
high  density  type  with  SO  feet  of  street  frontage.  Forty-one 
t;  Tr  ent  is  of  medium  density  with  houses  on  one-quarter  and  one- 
n . L t  acre  lots  and  most  of  the  rest  of  it  is  dusti-red  residential 
land  in  farm  and  forested  areas. 

Fine  percent  of  ion  is  ton  s  in  agrlruJt-sre  with  lest  than  one-half 
of  it  in  intensive  . ’jycien l'  i-e  Including  titled  land,  orchard  and 
,i  .  oixty  -one  per  ,  of  the  too  •  a  forested  and  7  percent 
■  op-  o  valor  or  wetland.-- .  Two  pa  .  .  is  in  mininp  or  waste 

disposal  areas  and  most  that  is  r; -.nd  or  grave]  banks.  No  other 

town  .in  the  fit  -  i  has  a,  much  aut .  ui-ob  '  !  a  durr-.  The  ('■  acres;  in 
this  use  ac.’oi;--  one-  ■qua'-':  •*.  of  all  the  automobile  dumps  in 
•  •  -c.  -e  i '  u- 
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Locate-,  at  the  hub  of  sa  eli'te  >".vius'-ial  and  commercial  cities, 
Providence  is  the  most  populous  ri •  y  in  the  State.  The  city  had  a 
1970  population  of  179,213  persons  and  a  population  density  of 
9  ,  If  persona  per  nquar  ?.  intis.  Providence  lost  17  percent  of  its 
popu  at  ion  from  1 9"0  to  '960  and  8  pc  cent  f  "ft  I960  to  J  o?(>  for  a 
total  loss  of  28  parc.ert  for  the  two  decades.  An  analysis  of 
current  land  use  in  Providence  may  give  some  insight  into  the 
reasons  fen-  the  population  Tosses. 

With  or.!  19.10  square  miles  oi  J  uiid,  Providence  still  has  more 
heavy  industry  than  any  other  cily  in  the  State.  Eighteen  percent 
of  itn  land  la  either  Industrie'’  or  commercial  and  79  percent  of 
that  is  In  heavy  industry.  Ligi  industry  occupies  218  acres. 
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Urban  core  commercial  land  or.iupios  1,125  acres  in  Providence  and 
this  accounts  for  35  percent  of  all  of  tills  type  in  the  State. 


Residential  land  covers  >4  percent  of  the  city  and  nearly  all  of  it 
is  in  high  density  types  like  garden  apartments,  tenements  or  town 
houses  and  high  density  houses  on  lots  with  50  feet  of  frontage. 
Mining  and  waste  disposal  occupy  very  little  area  In  the  city  while 
outdoor  recreation  covers  5  percent  of  the  land  area.  Golf 
courses,  athletic  fields  and  urban  parks  account  for  most  of  the 
recreation  land.  Cemeteries  are  much  used  in  urban  areas  for 
recreational  purposes,  and  Providence,  with  275  acres  of 
cemeteries,  has  more  cemetery  space  than  urban  park  space. 
Transportation  land  covers  10  percent  of  the  city  area;  water 
transport  facilities  and  superhighways  make  up  most  of  the 
transportation  type.  Urban  open,  urban  pub1 ic  land,  and  cemeteries 
occupy  12  percent  of  the  c  ity> 

One  percent  of  Providence  is  In  agriculture,  4  percent  of  it  is  in 
forest,  and  6  percent  of  it  is  in  open  water.  Most  of  this  open 
water  lies  in  the  Seekonk  River  above  the  Interstate  195  bridge. 

In  this  city  there  is  not  much  open  green  space;  agriculture  and 
forestland  together  only  make  up  5  percent  of  the  city.  Outdoor 
recreation  adds  another  5  percent  of  open  space  but  much  of  this  is 
athletic  fields.  The  lack  of  green  space  and  the  28  percent  loss 
In  population  in  the  past  20  years  may  well  be  related. 

Scituate 

Scituate  is  a  very  large  town  with  55.06  square  miles  of  land,  a 
population  of  7,439  and  a  population  censity  of  136  persons  per 
square  mlLe.  Population  growth  has  bten  92  percent  in  the  past  20 
years . 


Less  than  <nie  percent  of  the  town  is  in  industrial  or  commercial 
urn;  and  only  6  percent  is  residential.  The  majority  of  housing  is 
medium  and  light  density  in  keeping  with  the  low  population  density 
of  the  town.  Only  6  percent  of  the  town  is  in  agriculture,  but  75 
percent  Is  forested.  Twelve  percent  of  the  town  Is  open  water  in 
the  form  of  the  Scituate  Reservoir.  Ninety  three  percent  of  the 
town  is  in  open  green  space  and, open  water,  and  it  is  likely  to 
remain  so  because  of  the  extensive  reservoir  land  holdings  in  the 
town. 

Warwick 

Warwick,  a  city  of  83,694  persons  in  1970,  is  the  second  largest 
city  in  the  State  but  it  in  still  less  than  one-half  as  large  as 
Providence.  With  2,264  pei  ins  per  square  mile,  it  is  eleventh  in 
population  density  among  the  39  towns  and  it  is  growing  rapidly. 


The  population  iri  Warwick  !  increased  by  percent  in  the  past 
years. 

Warw u'.k  has  5  percent  cf  it--.  ..  *> :  -,n  industrial  and  commercial 
de  olipment.  Twenty -seven  per  vr.it  of  this  :s  industrial 
development,  but  only  one-fifth  of  it  is  heavy  industry.  Most  of 
the  r^ramercial  lar.d  is  highway  commercial  and  shopping  center. 
Warwick  has  considerable  industrial  and  commercial  development  but 
little  of  it  Is  unsightly  heavy  industry  and  little  of  the 
commercial  land  is  urban  core  commercial.  Thirty-eight  percent  of 
‘he  town's  land  is  in  residential  development.  Tide  is  the  largest 
percentage  of  any  town  is:  the  county.  Forty-four  percent  of  the 
residential  land  is  the  ’  !gh  density  type  on  lots  with  50  feet  of 
street  or  ocean  frontage.  This  old-fashioned  type  occurs  in  the 
older  parts  of  cities  and  as  cottages  on  the  ocean.  Forty-four 
percent  ia  of  medium  density  with  ene-ouarter  and  one-half  acre 
lots  while  the  other  12  percent  is  spread  over  a  l  the  light 
density  types.  Four  percent  of  the  town  is  in  outdoor  recreation. 
The  largest  type  is  golf  courses,  but  there  are  saltwater  beaches, 
marina.*;,  playgrounds,  athletic  fields,  amusement  parks  and  urban 
parks.  Warwick  has  lbundant  outdoor  recreation  developments. 

\  ..i ‘rural  land  occupies  9  percent  of  Warwick's  area;  3  percent 

.in  *  ••lied  field  while  6  percent  is  in  abandoned  fields  and 

.  From  a  scenic  point  of  view,  the  city  will  be  more 

•  -i:  lit  in  the  years  ahead  if  the  farmers  are  kept  on  the  land  and 

v  -  "sas  a-;°  all -wed,  to  grow  up  into  forests.  Twenty- 

~;ii  of  Viarttrek  Is  presently  forested,  considerably  below 

•  of  figure  of  >*'•  percent.  'iv.  percent,  of  the  city  land 

**.».  ''pen  wo.  ter  3  percent  in  freshwater  wet  lend  end  one  percent 

in  . :  y  *  wafer  .at.  aol.  The  agr  ic:  ! feral  land,  forest  and  wetland 
C'l’id  b«  .no :.■■■>"  ■'  ••na.T.i*-ved  as  open  space  for  rts  scenic  quality 
H  ic  i*4  ’  ’  :.i.y  ■:>  dll f 


v.vi  C:  ■  r-.usfi.cn  i.aa  51.36  squar-;  m  In  >f  land.  Tf  has  the  second 
lowe  st  population  of  any  town  n  rh  i  State  with  1,841  inhabitants 
and  36  persons  per  cqsi. ;  r  mile  it  has  the  lowest  population 

In  the  State. 

the  ....  has  out.-,  id  acre.  1,:  indi.sfria?  and  commercial  development 
and  ?  • .er.  r.it  --f  the  Iar.d  is  m  residences.  Only  Foster  and 

!v.  <  *  iVf  v  Mnl".  a  -a.  c? r.r.  oi  town  area  in  resident  ial. 

•  ami.  •  ■  ••i.iOuwi oh  has  430  ac ;r,  ;u  mining  and  waste  disposal 
‘.and  ..  -t.  ' ..  'T  rent  of  h  it  is  gi  .i"i  ■  tanks.  There  are  22  acres  in 
dump  ar,v.  >‘t  icres  in  automobile  dump <• 

f'i  .us  cent  of  the  town  area  is  agricultural  land  and  40 
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percent  of  that  is  tilled.  The  town  had  a  larger  proportion  of  its 
area  in  forest  than  any  other  town  in  the  State — 88  percent. 

West  Warw ick 

West  Warwick  is  very  small  in  area  with  3.21  square  miles  but  Its 
total  population  of  24,323  Is  fairly  large  and  Its  population 
density  of  2,963  is  the  eighth  highest  In  the  State.  West 
Warwick's  population  has  increased  by  27  percent  in  the  past  20 
years. 

Seven  percent  of  the  town's  area  is  in  industrial  and  commercial 
development,  the  highest  proportion  for  any  town  in  Kent  County, 
and  153  acres  of  this  is  heavy  industry.  West  Warwick  has  36 
percent  of  the  town  area  in  residential  land  and  one-third  of  that 
is  high  density  residential  land  with  houses  on  lots  with  50  feet 

of  frontage.  A  little  more  than  one-half  of  the  residential  land 

is  of  medium  density  while  the  rest  is  spread  over  the  light 
density  types.  Only  0.6  percent  of  the  town  is  in  mining  and  waste 

disposal  but  15  acres  of  it  is  in  automobile  dumps.  Only  2.7 

percent  of  its  area  consists  of  developed  outdoor  recreation  and 
golf  courses  compose  most  of  this. 

For  a  town  with  a  relatively  high  population  density,  there  is  a 
high  percentage  of  the  land  in  agriculture  (13  percent).  Only  2 
percent  of  the  town  is  tilled  while  the  remainder  of  the 
agricultural  land  is  pasture  and  abandoned  field.  The  percentage 
of  land  in  agriculture  is  the  same  as  for  the  State  as  a  whole,  but 
the  total  amount  is  small  because  the  town  area  is  small. 

Thirty-one  percent  of  the  town  is  in  forest,  3  percent  is  water  and 
one  percent  freshwater  wetland.  Including  agricultural  lands, 
forest  ar,1  wetland.  West  Warwick  is  nearly  one-half  open  green 
space;  for  a  town  with  a  population  density  of  2,963  persons  per 
square  mile,  that  is  a  large  percentage. 

OTHER  RELATED  PROBLEMS  AND  NEEDS 


This  section  presents  other  problems  and  needs  that  may  possibly  be 
interrelated  with  the  flood  management  program  of  the  Pawtuxet 
River  Basin.  Such  an  assessment  has  been  made  of  the  most  pressing 
problems  and  needs,  which  are  briefly  identified. 

WATER  QUALITY 


Present  quality  of  significant  porticns  of  the  Pawtuxet  River  Basin 
precludes  or  impairs  the  uoe  of  basin  waters  for  many  purposes 


■i.vtinV.nk  recreatinr 
ipaly  and  aesthete: 


i '...  in a  *. 


left  lie  habitat. 


public  water 


W  . -i r  quality  in  the  watershe  5  is  'arled.  The  upper  reaches  of  the 
i  i  an.1  South  Branches  are  Class  "A"  water  whereas  the  lower 
reach  -s  the  main  stem  Pawtuxar  River  are  designated  as  Class  “C" 
water. 

Other  than  Cranston,  Warwick  and  West  Warwick,  most  of  the 
water-ihed  remains  unsewered.  Expansion  of  sewage  treatment 
facilities  in  Cranston  v..l  West  Warwick  to  handle  an  average  of 
11..*'  and  r'  .0  mgd,  ’•espect  Iveiy  >  have  been  completed.  In  Warwick 
where  only  about  20  percent  of  the  city  population  Is  served,  the 

tty's  sewage  treatment  plant  of  5.0  mgd  average  has  yet  to  achieve 
full  design  capacity.  When  all  anticipated  sewers  are  placed  into 
service,  additional  treatment  capacity  will  be  .ceded.  In  general, 
most  industrial  firms  in  the  basin  have  installed  their  own 
treatment  plants  or  have  tied  into  existing  sewage  treatment 
■'acidities. 

cspit.v  the  expansion  of  treatment  plants  and  elimination  of 
! ! egos,  the  water  quality  on  the  Pawt.  r,rot  River  and  the  lower 
>•» .  he*?  of  its  tributaries  remains  banicall”  the  same  as  it  was  a 
i<»«  a'  ‘  tgo.  A.  regional  e  ady  of  this  problem  was  recently 
oted  by  the  spat  e.  Uric  *  the  iac'easlyy  yvrmirt'S  of 
ta’ ton  growth  and  irclunlri erpars  lo-a.  abatement,  of  pollution 
,.,,i  •  ..  -I'g-'-nl  of  if;  f  '  :»ctr,  met  receive  ;onHiiu';n(;  evaluation. 

:  l-;r  1  itse  prnssu.-:  planned  facilities  will  need  Co  be  enlarged 

and  controls  above  bani  ycondary  treatment  levels  will  require 
•  oanf  ', -ration,  for  ynsav.orad  area.-;  particularly  the  western 
p  ai.lon  ot  the  Vo  In,  sewage,  treatment  facilities  will  have  t.c  he 
■•Cits'  v  eted  1  ‘  *  c  vd  hu  lon  load  c  f  the  basin  is  tc  be  reduced. 

•‘••Uh-Cf >•»*:.  AND  •r:r*7*':TRXA£.  WATER  SUPPLY 

Althov  ,h  by  land  area  the  basin  cc*>stii  t.es  only  .10  percent  of  the 
State,  it  supplies  over  AO  percen*  of  i ts  water  supply.  Thin  is 
equivalent  to  about  75  MOO  i-f  the  15  MGD  total  and  primarily  drawn 
from  Scituate  Reservoir  with  the  .remaining  yield  being  supplied 
f  '•<->:»  various  other  sources.  For  this  reason  if.  in  the  most 
important  river  system  in  the  ; ■■tat a,  although  it  is  the  t*'*rd  in 
circlet  of  size- 

The  quality  of  the  present  water  supplies  In  the  Pawtuxet  River 
Basin  is  good.  The  facilities  have  been  adequate  to  meet  the. 
present  imp mod  demands  but  new  water  sources  to  meet  future  needs 
are  limited.  The  forecast-*  o  *  >  ure  demands  for  public  water  in 
the  State  has  been  growing  Etc.)1.  and  is  expected  to  continue 
growing  in  the  foreseeable  future.  As  the  State  population  grows, 
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increased  demand  foi  municipal  and  industrial  water  supplies  can  be 
expected. 

In  order  to  meet  the  anticipated  future  municipal  and  industrial 
water  demands  of  Providence  and  surrounding  communities,  additional 
water  supply  sources  should  be  developed.  A  principal  source  of 
additional  supply  is  the  proposed  Big  River  Reservoir  complex  which 
would  be  constructed  on  the  headwaters  of  the  South  Branch  of  the 
Pawtuxet  River.  Runoff  from  the  Big  River  watershed  coupled  with 
diversions  from  Flat  River  Reservoir  by  flood  skimming  methods 
would  develop  an  additional  safe  dependable  yield  of  42  MGD. 

This  additional  source  in  combination  with  the  existing  Scituate 
Reservoir  would  produce  a  total  safe  dependable  yield  of  119  MGD 
which  is  adequate  to  meet  future  average  daily  water  needs  through 
the  year  2020.  The  proposed  Big  River  Rer  rvoir  would  be  developed 
by  initially  constructing  the  reservoir  and  dam,  water  treatment 
facilities  and  aqueduct  to  satisfy  requirements  expected  by  1995. 
Expansion  of  initial  facilities  would  be  undertaken  to  meet  average 
daily  water  demand  of  about  233  MGD  projected  for  the  year  2020. 

A  complete  discussion  of  the  water  supply  needs  of  the  Providence 
metropolitan  area  is  presented  in  the  Interim  Report  of  the  Big 
River  Reservoir  project  to  which  this  report  is  attached. 

OUTDOOR  RECREATION 

The  Pawtuxet  River  watershed's  water  and  related  land  resources  are 
extremely  valuable  for  recreation.  Among  existing  and  potential 
recreational  resources  are  6,000  acres  of  publicly  or  semi-publicly 
owned  land  and  water,  including  John  Curran  and  Snake  Den  State 
Parks,  located,  respectively,  in  Cranton  and  Johnston;  80  lakes  and 
ponds  with  minimal  beach  development;  and  about  150,000  acres  of 
wetlands,  forests  and  water  bodies,  several  thousand  of  which  are 
protected  for  public  water  supply.  The  Bureau  of  Outdoor 
Recreation  (BOR)  estimates  that  the  amount  of  publicly  accessible 
and  developed  recreational  resources  is  enough  to  satisfy  six 
percent  of  the  1990  need  for  swimming,  60  percent  of  the  1990  need 
for  campsites  and  two  percent  of  the  1990  need  for  passive  outdoor 
recreation.  The  deficiencies  indicate,  a  need  to  develop  about  60 
additional  picnic  tables,  and  about  15,000  additional  acres  of  land 
for  passive  outdoor  recreation. 

The  development  of  various  recreation  activities  for  the  proposed 
Big  River  Reservoir  have  been  carefully  prepared  to  maximize  the 
use  and  protection  of  unique  features,  and  to  minimize  any  impact 
on  the  water  quality  of  the  reservoir.  This  can  be  achieved  in 
part  by  placing  intensive  .^creation  use  activities,  such  as 
swimming  and  boating,  outside  of  the  public  water  supply  watershed. 
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\  possible  recreation  area  for  the  Big  River  site,  located  near  the 
east  shore  of  the  imponnrirre  would  serve  as  an  activity  center 
for  picnicking,  shoreline  fishing,  and  access  to  a  multi-purpose 
trail  system  which  could  be  used  by  hikers,  horseback  riders,  and 
vross  country  skiers.  The  height  of  land  in  this  location  could 
offer  scenic  views  of  the  west  of  the  Big  River  Reservoir.  In 
addition,  parking  facilities  south  of  the  reservoir  would  be 
available  only  during  the  hunting  season.  This  would  allow  better 
control  of  access  to  the  Big  River  site  during  the  rest  of  the 
year. 

LOVv_  FLOW  AUGMENTATION 

Flows  in  the  Pawtuxet  River  Basin  are  affected  by  both  natural  and 
nan-caused  regulation.  In  the  first  instance,  natural  flows  vary 
seasonally,  with  high  flows  generally  occurring  from  March  to  May, 
and  low  flows  between  July  and  September,  Man-caused  regulation  is 
more  typically  daily  and  hourly  in  character  and  usually  from  the 
operation  of  upstream  impoundments  along  the  tributary  streams. 

Most  of  the  basin  impoundments,  whether  large  or  small,  are 
currently  used  for  water  supply,  industrial  processing  water  and 
c creational  purposes-  With  these  impoundments  acting  to  fulfill 
'...a-'  seeds,  high  l  iver  flows  are  generally  regulated  to  maintain  a 
itaoi-j  nool  at  maximum  level  with  flow  releases  being  minimal  but 
«>i  ’  ;•  'at  to  satisfy  dot:  stream  water  rights  as  stipulated  by 

apt  (!P»sa*.  «r  law.  'hese  tow  releases  are  generally  made  on  a 
dri!  .  .-...is  Mowin'/  tbr  nigh  Friday  —  with  weekend  releases  being 
nil.. 

'l--  gravity  a-  :  •  —  ?  «f  tH*  ro.-lem  ts  such  that  deficient  low 

.  !  mpai til-.  {>.->  at.,  rs  for  many  legitimate  purposes. 

S«i  pl«.:i"'«»al  <o  .  Clows  /••••.Id  Improve  stre«  -a  conditions  to  satisfy 
many  resource  non* is »  The.  v>«M  allow  for  more  widespread 
recreational  use  of  the  rive  •  *  owl'  >>  *••  Increase  cuantities  of 
f  low.  Improve  and  utaMli-'.e  ‘  :.'-h  a*  d  wildlife  habitat  for  all 
aquatic  species,  n-ovide  or  mo--1  innstant  year-round  flows  thereby 
nhahl lining  the  pa*  mat  channels  and  decreasing  the  erosion;  and 
i. ••.prove  the  over:-:  11  heal:':  aspects  as  well  as  increase  the 
hog  Vale  enjoyment.  ion  flows  could  come  from  new 

storages  t'  lf  *-.'uld  hold  spring  freshets  for  later  released  and 
have  the  multiple  purpose  effect  of  lessening  flood  problems 
proportionately,  hdditi  \ai  flow  aug.m  station  could  also  come  from 
re-regulation  of  exist Ug  storag-'s. 


FISH  AND  WILDLIFE 

There  is  a  need  to  solve  several  problems  presently  facing  the  fish 
and  wildlife  resources  of  the  basin.  Significant  among  these  are: 

-  Lack  of  public  access 

-  Pollution 

-  Points  of  extreme  low  flow 

-  Single  purpose  use  of  the  basin's  ponded  water 
supply  areas 

-  Barriers  to  fish  passage 

-  Insufficient  amounts  of  fishing  habitat  in 
reasonable  proximity  to  population  centers 

-  Destruction  or  alteration  of  wildlife  habitat 

To  satisfy  the  fish  and  wildlife  resource  needs  of  an  expanding 
urbanized  area,  adequate  controls  to  protect  and  enhance  the 
existing  resources  will  depend  largely  on  the  use  that  can  be  made 
of  existing  resources  by  providing  high  quality  water,  improvement 
of  facilities,  provision  for  more  public  access  and  supplementation 
of  flows. 


FUTURE  CONDITIONS 


FUTURE  DEVELOPMENT 


State  planning  officials  have  projected  sizeable  population 
increases  by  1990  within  the  inner  ring  suburban  communities  of  in 
Johnston,  Cranston  and  Warwick,  and  a  small  increase  in  West 
Warwick-  Most  of  this  growth  can  be  expected  to  occur  in  the 
western  two  : birds  of  Johnston,  the  western  half  of  Cranston,  the 
western  t'-i d  of  Warwick,  and  to  a  lesser  degree ,  the  southern 
third  of  West  Warwick.  Substantial  population  increases  can  also 
be  expected  in  the  outer  ring  of  suburban  communities,  especially 
Coventry  in  view  of  the  ready  availability  of  1-95.  Possible 
extension  of  RI  P-37  through  southwestern  Cranston  may  encourage 
additional  growth  In  the  Coventry-Scituate  area.  Future 
modification  of  U.S.  6  or  possible  redevelopment  as  1-84  could 
encourage  growth  in  the  now  rural  northern  basin  communities. 

Table  1-11  shows  projected  average  annual  population  growth  rates 
for  all  of  the  basin  communities  through  2020.  Annual  growth  rates 
are  generally  higher  in  the  outer  ring  of  suburban  communities 
because  they  are  mostly  small  rural  communities  at  the  present 
time. 

Recent  construction  of  regional  shopping  facilities  in  Warwick 
should  diminish  the  need  lor  early  construction  of  major  shopping 
facilities  in  the  Cranston-Warwick-West  Warwick  area.  As 
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POPULATION  GROWTH  RATES 
AVERAGE  ANNUAL  GROWTH 


Community 

1970  Pop. 

1950-1970 

(%) 

1970-1990 

(%) 

1970-2020 

(%) 

Providence 

179,  nr. 

-1.  6 

0.2 

0,  2 

Warwick 

8  3,  639 

3.4 

1.2 

0.  9 

Cranston 

74, 287 

1.  5 

0.8 

0.  ' 

West  Warwick 

24, 323 

1.  3 

0.  8 

0.7 

Coventry 

22, 947 

4.4 

1.7 

i,2 

Johnston 

22, 037 

2.8 

1.7 

•  1 

Scituate 

7,489 

3.4 

\0 

i  *.* 

Glocester 

5,  160 

3.4 

1.7 

Exeter 

3,  245 

2.7 

2.  ] 

1  t- 

Foster 

2,  626 

2.4 

1.9 

1.  7 

West  Greenwich 

1,841 

3.9 

9 

2.  0 

Rhode  Island 

949,723 

1.0 

0.  3 

0.7 

United  States 

... 

1.  6. 

0.9 

0.  75 
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population  growth  continues  within  the  basin,  the  construction  of 
additional  commercial  facilities  may  be  expected  in  the  areas  such 
as  in  the  vicinity  oi:  Coventry  Center,  North  Scituate  or  the 
northern  or  western  sc  iors  of  Johnston,  for  instance. 

STATUS  OF  EXISTING  PLANS  AND  IMPROVEMENTS 

As  covered  in  Appendix  2,  two  flood  control  projects,  namely, 

"Clyde  Levee"  and  "Pontiac  Channel  Diversion"  were  previously 
authorized  but  due  to  lack  of  local  assurances  in  cost  sharing 
requirements,  they  de-authorized  in  1951.  Under  the  emergency 

authority  of  PL  84-99,  two  sections  of  dikes  were  constructed  in 
1970  for  reducing  l1 cod  losses  against  minor  flooding  in  the 
comnunity  of  Norwoo  !  in  Warwick. 

Pawtuxet  Cove  which  lies  at  the  mouth  of  the  Pawtuxet  River  was 
authorized  by  the  1962  River  and  Harbor  Act  and  completed  In  1966. 
Located  in  Warwick,  it  serves  as  a  base  for  navigational- 
recreational  boating  interest.  Another  project  serving  the  same 
needs  of  the  area  is  Apponaug  Cove  authorized  by  the  1962  River  and 
Harbor  Act  and  completed  in  1966.  Although  the  cove  lies  outside 
the  boundary  limits  of  the  Pawtuxet  River  watershed,  it  would  be 
impacted  upon  by  the  various  alternative  plans  included  in  this 
report,  therefore,  it  is  considered  to  be  an  adjunct  to  this 
report. 

Other  than  those  stated  plans,  improvements  and  programs,  there  is 
no  other  Federally  oriented  project  involvement  in  the  Pawtuxet 
River  watershed. 


IMPROVEMENTS  DESIRED 


industrial  parks  have  been  developed  and  partially  occupied  in  the 
following  areas:  northeastern  Warwick  (Warwick  Industrial  Park 
near  the  river  mouth),  southwestern  Providence  along  Mashapaug 
Pond,  south-central  Cranston  (surplus  portion  of  Howard  State 
Institutions  area),  west-central  Warwick  near  the  State  airport, 
and  southeastern  West  Warwick  near  1-95.  Other  industrial  parks 
are  being  planned  in  Johnston,  Cranston  and  Warwick.  Additional 
sites  have  been  identified  for  consideration  in  other  communities. 

All  communities  have  developed  master  plans  for  guiding  future 
development.  Adherence  to  such  plans  should  permit  the  orderly 
provision  of  public  services,  as  warranted,  and  assist  in  reducing 
urban  sprawl  through  orderly  planning. 
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FUTUtvi  LOSSES  DUE  TO  CROLTU 

Future  Hood  losses  resulting  Prom  new  growth  in  the  flood  plain 
ore  defined  as  damages  to  m  v  economic  activities  which  are 
expo  ted  to  use  the  flood  plain  in  the  future  (after  1972  when 
damage  survey  was  completed)  in  the  absence  of  a  flood  control 
pit.iv  Those  new  economic  activities  may  include  additions  or 
enlargements  to  existing  economic  activities.  Together  with  the 
increased  discharge  expected  in  the  future,  the  total  losses  due  to 
the  anticipated  economic  growth  were  evaluated.  To  arrive  at  the 
final  flood  losses  due  to  growth,  basic  relationships  were 
established  between  damages,  flood  character:. sties  and  those 
indicators  used  for  measurement  of  growth. 

Future  losses  due  to  growth  are  a  function  of  the  number  of 
potentially  vulnerable  units  of  property  expect  u  d  to  be  added  in 
the  flood  plain.  The  process  used  to  measure  future  flood  losses 
consisted  of  two  primary  elements,  projection  of  the  number  and 
size  of  these  physical  units,  and  calculation  of  potential  flood 
damages  to  them. 

•Y,  estimate  the  units  to  be  built  by  1990  the  Corps  first  evaluated 
historical  land  use  in  the  flood  plain  and  the  immediate  impacted 
area  -  primarily  the  cities  of  Cranston,  Warwick,  West  Warwick  and 
the  town  of  Coventry.  The  town  of  Johnston  and  the  city  of 
Providence  were  omitted  from  the  impacted  area  analysis.  Johnston 
lie-.  r '..Inly  in  the  Pocasset  River  watershed  which  has  a 

■  .'.lively  small  flood  plain.  The  "Affected  Area  Land  Use", 
it  .  1  .,  shows  the  result  of  the  historical  land  use  analysis, 
ih  :  area  comprising  this  analysis  is  limited  to  the  main  stem  of 
:-he  Pawvu';..  v.  “cr. 

■Ai.  onproai-:  it  ■  i  .'J  -vs-u  flood  plain  was  delineated ;  SPF 
tie te'.mnHt t-xus  deemed  unnecessary.  As  most  of  the  new  growth 

along  •:>.  >  Pocasset:  has  been  residential  and  most  of  the  available 
land  is  ^oned  ar>  residential,  any  property  added  to  this  land  use 
classification  would  be  limited  to  the  area  between  the  100-year 
and  the  SPF  flood  plain.  It  was  then  assumed  that  any  future 
potential  losses  would  be  limited  to  nuisance  type  damages  and  that 
no  long  range  flood  control  problems  would  develop.  That  portion 
of  Providence  within  the  Pawtuxet  River  Basin  drains  mainly  into 
Roger  Williams  Park.  As  the  drainage  area  is  negligible, 
appreciable  dl fferences  between  normal  water  surfaces  and  those  to 
be  expected  under  SPF  conditions  is  slight  and  any  future  flood 
nont.ro!  problems  there  would  also  be  minimal. 

With  completion  ot  land  use  assessment,  future  land  use  demands 
were  then  projected.  Projecti  on  were  made  for  1990,  a  date 
conforming  to  published  OBERS  statistics,  and  the  year  2040. 


.1  V» 


or  the  lattf  r  -  •  oseii  lire  t,r-.d  of.  the  planning 

p 1  .'d  r  project  ion ;  .  tj.  e  with  ,  N  •  iGfi-2-351, 

;•  aiun".  -  on  of  2eneptc!  it  "  ions  to  Rational  Economic 

’  ‘  >pr»*nt  for  -  iood  Pl.t  •  r-.tv,  tent  flans . '  Projections  of 

•  L,  :'n'c  ind  ae.'.uiuc  act  'tv  within  the  aifeefed  area  were 

i  -ci  <  ndopendeuc  of  arty  plan  or  food  control.  Indicators  used 
i. >j .  r  .cation  of  growti  were  population,  housing  units  and 
■' ndu.otr lal  and  .  ornate rcla 1  sec  tor  employment.  These  projections 
.•re  converted  ;  >  land  use  demand  In  r.’<-  benchmark  years  utilizing 
.U'.di  rator/land  ii.se  ratios  derived  from  historical  data.  Expressed 
on  ai  annual  rate  .  Is ,  (acre s/yc-ar)  land  use  demand  in  Pawtuxet 
lit er  flood  plain  -V,  shown  as  follows: 

19 70-1190  l 990-2040 

Residential  3.0  •  .0 

Commercial  r>.l  I 

Industrial  j.O  ’.9 

M though  these  f  igures  a— a  rapresentat  ‘ ve  of  land  needed  or 
demanded  for  development  in  the  flood  plain,  constraints  on  land 
supply  prevent  total  absorption.  The  most  important  constraint  is 
idheren'  e  to  ti-.e  flood  Disaster  Protection  Act  of  1973  (P.L.  93- 
:  jo  i  a.  required  by  KH  1103-2-  351 .  (to  /entry ,  Went  Warwick,  Warwick 
snd  Cranston  now  operate  under  th-.:  regular  flood  Insurance  program 
and  have  had  fh.e.ir  ‘.and  re  regulations  cer’.  SS'ied  by  the  Flood 
•"  .:ranc®  Admin? .5  w  la  unit-.'  2«,  C IT’.  "HO.  i  ic>  and/or  (d)  and  24 
1  '>!■' .5.  There •:  .'to,  the  ”w cebout  •: 7:e  •pro-teci."  conditions  are 
■  levt-iop  d  p'U'O't-n  •  ‘  the  flood  1' sura  nee  regulations. 

Unde t  t.  e  "v. !  .  , -f.-fhe-.  ro  js<-  ”  condi  tions  ro-fr  Ininp  the  land  use 

data  an-*  pv  •,  ha  in..  ntnsed  rli.s  Jiarge  relationships  kaicn, 

i  v  .ve  >  :  ■  Vv  \  ;e  .cuts  the  losses  to  he  expected  to 

r  due  to  -  'yrovfth.  It  should  be  noted  that  development  of 

fho  co  ’”  :-  •. »  -oil  ' i  land  available  will  occur  rapidly.  The  year 
i.  )83  is  hose  ,  as  the  anticipated  date  f  hat  any  project  could 
become  opera f  Ive  and  much  of  .'he  radii  or?  <ul  and  .-onuscrcial  growth 
has  already  occurred  by  197].  The  wlavatloun  at  which  the  first 
floor  slabs  ware  laid  are  'o7-.  r  than  the  j  09  year  level  in  some 
in*-/  incus.  The-;  are  nv.-.ner- i-it;  uc.au.p .. as  of  this  uitbin  the  Warwick 
T-j -.hist rial  Pa  rk  -»ril  i  ?.  -no 


Industrial  Growth 
Residential  Growth 
Commercial  Growth 


Annual  Damages  Due 

10 72-198 S 
285,200 
103,400 
174,650 


to  Growth* 

1985-20352 

438,900 

0 

0 


SUMMATION  -  Although  the  Pawtuxet  River  watershed  has  yet  to  be 
affected  by  a  "high  damage"  type  of  flood,  there  is  a  tremendous 
potential  for  substantial  monetary  losses  in  the  area. 


*  1972  dollars  -  utilizing  average  annual  equivalent  growth  method 

1985  to  2035  damages  are  without  project  conditions"  at  this 
stage  of  analysis 


1-57 


APPENDIX  2 


FORMULATION,  ASSESSMENT  AND  EVALUATION 
OF 

DETAILED  PLaNS 


i 


TABLE  OF  CONTENTS 


ITEM 

FORMULATION  AND  EVALUATION  CRITERIA 
ECONOMIC  CRITERIA 
TECHNICAL  CRITERIA 

ENVIRONMENTAL  AND  SOCIAL  CONSIDERATIONS 

POTENTIAL  MEASURES 

NO  ACTION  PROGRAM 

REGULATORY  MEASURES 

National  Flood  Insurance  Program 
Flood  Plain  Regulations 
Flood  Warning  Systems 
Urban  Renewal 
Tax  Incentive 

Public  Opeu  Space  Acquisition 

CORRECTIVE  MEASURES 

Land  Treatment  Measures 

Reservoirs 

Walls  and  Dikes 

Reservoir  Management  Programs 

Hurricane  Barriers 

Stream  Improvements 

CORRECTIVE  NONSTRUCTURAL  METHODS 

Temporary  and  Permanent  Closures  for  Openings 
in  Existing  Structures 
Raising  Existing  Structures 
Small  Walls  or  Dikes 

Rearranging  or  Protecting  Damageable  Property 
Within  an  Existing  Structure 
Removal  of  Structures  from  the  Flood  Hazard 
Areas 

INITIAL  SCREENING 


PAGE 

2-1 

2-1 


2-2 

2-2 

2-4 

2-4 

2-6 

2-6 

2-6 

2-11 

2-12 

2-12 

2-12 

2- '3 

2-13 

2-13 

2-14 

2-14 

2-14 

2-14 

2-15 


2-15 

2-17 

2-17 

2-17 

2-17 

2-18 


i 


TABLE  OF  CONTENTS  (Cont'd) 

ITEM  PAGE 

CORRECTIVE  MEASURES  2-18 

Land  Treatment  Measures  2-20 

Reservoirs  2-20 

Walls  and  Dikes  2-21 

Reservoir  Management  Program  2-21 

Hurricane  Barriers  2-21 

Stream  Improvements  2-22 

Floodproofing  or  Relocation  2-24 

CONCLUSIONS  2-25 

ADVANCED  SCREENING  2-26 

EVALUATION  OF  MEASURES  2-26 

CORRECTIVE  NONSTRUCTURAL  MEASURES  2-26 

Criteria  Applied  in  Floodproofing  Program  2-28 

STRUCTURAL  PROGRAM  2-33 

FUTURE  ACTION  2-40 

CONCLUSIONS  2-41 

DETAILED  ANALYSES  OF  THE  SINGLE  PURPOSE  ALTERNATIVES  2-42 

WARWICK  AVENUE  LOCAL  PROTECTION  PROJECT  2-42 

ELMWOOD  AVENUE  LOCAL  PROTECTION  PROJECT  2-44 

BULOVA  LOCAL  PROTECTION  PROJECT  2-46 

BIG  RIVER  RESERVOIR  SINGLE  PURPOSE  PLAN  2-46 


ii 


TABLE  OF  CONTENTS  (Cont'ci) 


ITEM 


DEVELOPMENT  OF  DETAILED  PLANS 

Natick  Diversion  Options 
Alternative  A 
Alternative  B 
Alternative  C 
Alternative  D 
Alternative  E 
Alternative  F 
Alternative  G 
Conclusions 
Alternative  H 
Alternative  I 
Alternative  J 


DISPLAY  OF  ALTERNATIVE  PLAN  EFFECTS 
SYSTEM  OF  ACCOUNTS 

Within  the  Watershed 

Within  the  Rest  of  the  Standard  Metropolitan 
Statistical  Area  (SMSA) 

Within  the  Rest  of  the  Nation 
National  Economic  Development  (NED) 
Environmental  Quality  (EQ) 

Social  Well-Being  (SWB) 

Regional  Development  (RD) 

Nomenclature 


PAGE 

2-48 

2-52 

2-54 

2-55 

2-57 

2-57 

2-58 

2-59 

2-60 

2-60 

2-62 

2-65 

2-65 


2-67 

2-67 

2-67 

2-68 

2-68 

2-68 

2-68 

2-68 

2-69 

2-69 


iii 


TABLES 


1 


NO.  TITLE  PAGE 


2-1  Potential  Measures  2-5 

2-2  Floodplain  Zoning  2-8 

2-3  Subdivision  Regulation  2-9 

2-4  Building  Codes  2-10 

2-5  Initial  Screening  2-19 

2-6  Advanced  Screening  2-27 

2-7  Floodproofing  -  Costs  and  Affected  2-30 

Ownerships  (by  Category) 

2-8  Floodproofing  -  Costs  and  Affected  2-31 

Ownerships  (by  Category  &  Community) 

2-9  Relocation  by  Category  &  Zone  2-32 

2-10  Preliminary  Plan  A  -  Pertinent  Data  2-34 

2-11  Preliminary  Plan  A-l  -  Pertinent  Data  2-36 

2-12  Preliminary  Plan  -  Economic  Analysis  2-37 

2-13  Cost  Estimate  -  Warwick  Avenue  Local  2-43 

Protection  Project 

2-14  Annual  Benefits  -  Various  Protection  Schemes  2-45 

2-15  Cost  Estimate  -  Elmwood  Avenue  Local  Protection  2-47 

2-16  Cost  Estimate  -  Water  Supply  &  Flood  Control  2-49 

Reservoir 

2-17  Cost  Estimate  -  Flood  Control  Reservoir  2-50 

2-18  Cost  Estimate  -  Water  Supply  Reservoir  2-51 

2-19  Ownerships  Subject  to  Flooding  2-56 

2-20  Cost  Estimate  -  Warwick  Avenue  &  Elmwood  2-63 

Avenue  Local  Protection  Project 
2-21  System  of  Accounts  2-71 

2-22  Effects  on  Marine  Flora  &  Fauna  2-75 


PLATES 

FOLLOWS 

NO. 

TITLE 

PAGE 

2-1 

Flood  Profile  -  Main  Stem 

2-22 

2-2 

Preliminary  Plan  A  -  General  Layout 

2-34 

2-3 

Preliminary  Plan  A-l  -  General  Layout 

2-36 

2-4 

Pontiac  Diversion 

2-38 

2-5 

Natick  Diversion 

2-40 

FIGURES 

FOLLOWS 

NO. 

TITLE 

PAGE 

2-1 

Floodway  Schematic 

2-12 

iv 


FORMULATION  A NO  EVALUATION  CRITERIA 


The  selected  plan  must  represent  an  acceptable  and  justified  solution 
that  best  responds  to  the  problems  and  needs  of  the  area.  Technical, 
economic  and  social  criteria  were  applied  in  evaluating  all  the 
possible  alternatives  as  well  as  any  potential  environmental  degrada¬ 
tion  that  could  occur  because  of  the  project's  implementation. 

Abbreviated  planning  methods  were  u:ed  for  determining  the  most 
viable  alternatives.  They  are  expl  ino.d  more  fully  in  the  following 
paragraphs  of  this  section.  It  should  be  emphasized  that  for  all 
alternatives  considered  supplemental,  planning  criteria  involving 
public  acceptability,  project  completeness,  its  effectiveness,  any 
possible  Irreversible  effects,  and  the  ease  of  maintenance  and 
operation  were  used  to  refine  the  number  of  alternatives  to  a 
tolerable  number  without  obviating  the  problems  and  needs  of  the 
study  area. 

Socio-economic  data  used  in  evaluating  the  benefits  and  costs  of  the 
various  alternatives  considered  were  derived  from  Corps  investiga¬ 
tions  and  other  basic  economic  data  published  by  other  Federal  and 
State  agencies.  Hydrologic  and  hydraulic  data  were  obtained  from 
Corps  investigations.  Environmental  impact  information  was  obtained 
from  Corps  studies  and  from  water  quality  sampling  investigations  by 
the  Federal  Environmental  Protection  Agency. 

ECONOMIC  CRITERIA 


General  economic  criteria  applied  in  the  evaluation  of  alternatives 
are  summarized  as  follows: 

a.  Tangible  benefits  must  exceed  project  economic  costs • 

b.  Scope  of  development  should  provide  maximum  net  benefits, 
however,  intangible  considerations,  such  as  risk  to  lives  and 
property,  could  result  in  a  project  size  which  is  greater  than  that 
which  would  produce  maximum  net  benefits. 

c.  There  are  no  more  economical  means,  evaluated  on  a  comparable 
basis,  for  accomplishing  the  same  purpose  or  purposes  which  would  be 
precluded  from  development  if  the  recommended  plan  were  undertaken. 
This  limitation  refers  only  to  alternative  possibilities  that  would 
be  physically  displaced  or  economically  precluded  from  development  if 
the  recommended  plan  wore  implemented. 

The  economic  benefits  were  initially  evaluated  at  1972  prices  and 
field  conditions.  As  this  analysis  progressed,  estimates  were 
updated  to  reflect  new  price  levels,  with  the  intermediate  phases  of 
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the  plan  formulation  reflecting  January  1976  prices.  An  interest 
rate  of  6-7/8  percent  was  applied  during  the  plan  formulation 
process,  but  present  project  justification  is  based  on  the  then 
prevailing  Interest  rate  of  6-5/8  percent.  All  the  final  plans  shown 
in  appendix  have  been  updated  to  reflect  September  1978  price 
levels.  All  projects  were  assumed  to  have  a  100-year  life.  The 
current  interest  rate  of  7-1/8  percent  was  used  for  project 
justification  in  the  economics  appendix. 

TECHNICAL  CRITERIA 


Technical  criteria  were  adopted  from  appropriate  engineering  regula¬ 
tions,  manuals,  pamphlets  and  technical  letters,  and  supplemented  by 
engineering  judgment  and  technical  experience.  Basically,  the  plan 
should  be  engineeringly  feasible  to  implement,  be  complete  within 
itself  and  require  no  additional  future  improvements  and  insure 
against  significant  worsening  of  any  flood  conditions.  Where 
practical,  the  alternative  measures  considered  for  urban  areas  were 
formulated  for  the  standard  project  flood,  an  appropriate  level  of 
protection  for  high  dikes  and  floodwalls  in  urban  areas.  If  the 
standard  project  flood  protection  plan  is  unjustified  or  only 
marginally  justified,  the  level  of  protection  may  be  reduced  to  yield 
a  more  economically  feasible  plan  by  utilizing  alternative  flood 
damage  reduction  measures.  However,  reductions  in  the  level  of 
protection  below  the  standard  project  flood  were  to  be  avoided 
whenever  possible. 

ENVIRONMENTAL  AND  SOCIAL  CONSIDERATIONS 


Environmental  and  social  criteria  utilized  in  considering  the 
Environmental  Quality  Objective,  and  the  Social  Well-Being  and 
Regional  Development  accounts  should  include  the  following  require¬ 
ments  of  the  Natonal  Environmental  Policy  Act  of  1969  (Public  Law  91- 
190): 

a.  Analysis  of  the  environmental  Impact  of  any  proposed  action. 

b.  Identification  of  any  adverse  environmental  effects  which  could 
be  avoided  should  the  proposal  be  implemented. 

c.  Evaluation  of  alternatives  to  the  proposed  action. 

d.  Determination  of  the  relationship  between  local  short-term  uses 
of  man's  environment  and  the  maintenance  and  enhancement  of  long-term 
productivity. 

e.  Accounting  of  any  irreversible  and  irretrievable  commitments  of 
natural  resources  and  biological  systems  which  would  be  involved  in 
the  proposeJ  action  should  it  be  implemented. 
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In  order  to  attain  the  environmental  objectives  as  specified  in  the 
Principles  and  Standards,  the  following  factors  should  also  be 
considered: 

a.  Management,  protection,  enhancement  or  creation  of  areas  of 
natural  beauty  and  human  enjoyment. 

b.  Management,  preservation  or  enhancement  of  especially  valuable  o- 
outstanding  archeological,  historical,  biological  and  geological 
resources  and  ecological  systems. 

c.  Enhancement  of  quality  aspects  of  water,  land  and  air,  while 
recognizing  and  planning  for  the  need  to  harmonize  conserva; ’on  of 
the  resources  with  the  land  use  objectives  of  productivity  for 
economic  use  and  development. 

d.  Development  and  use  objectives  which  minimize  or  preclude  the 
possibility  of  undesirable  and  irreversible  changes  in  the  natural 
environment. 

As  mandated  by  Section  122  of  the  River  and  Harbor  Act  of  1070, 
adverse  economic,  social  and  environmental  effects  of  proposed 
projects  should  also  receive  full  consideration  and  will  include  the 
following: 

a.  Effects  of  air  quality,  noise  levels  and  water  pollution. 

b.  Destruction  or  disruption  of  manmade  and  natural  resources, 
aesthetic  values,  community  cohesion,  and  the  availability  of  public 
facilities  and  services. 

c.  Adverse  employment  effects  and  tax  and  property  value  losses. 

d.  Injurious  displacement  of  people  and  businesses. 

e.  Disruption  of  desirable  community  and  regional  growth. 

f.  Public  acceptance  of  proposed  improvements  and  ability  and 
willingness  to  meet  local  cooperation  requirements. 

Social  well-being  factors  are  other  desirable  elements  that  should  be 
included  in  the  study  and  should  include  the  following: 

a.  Possible  loss  of  life  and  hazards  to  health  and  safety  of  the 
people  with  and  without  project  conditions. 


b.  Preservation  of  pleasing  aesthetic  values  and  other  desirable 
environmental  effects,  such  as  pleasing  landscapes. 


POTENTIAL  MEASURES 


These  environmental  and  social  factors  form  the  basis  for  evaluating 
and  formulating  alternative  measures  for  the  study  area.  Greater  in- 
depth  coverage  of  these  considerations  is  included  in  the  Environ¬ 
mental  Impact  Statement  attached  to  the  main  report. 

In  formulating  alternative  measures  an  array  of  regulatory  and 
corrective  measures  as  well  as  a  No  Action  program  were  considered. 
These  measures  were  compared  against  the  base  condition  using  the 
criteria  of  economic  efficiency,  environmental  enhancement  and  social 
well-being  and  were  evaluated  as  acting  either  independently  or 
supplementing  one  another.  These  measures  are  listed  in  Table  2-1. 
Subsequent  paragraphs  briefly  describe  each  measure  and  the  rationale 
used  during  the  screening  processes.  Detailed  descriptions  are 
provided  in  this  section  for  those  measures  which  passed  the 
preliminary  screening  phase  and  were  further  evaluated. 

NO  action  PROGRAM 

In  the  recent  several  decades  significant  development  has  occurred 
within  the  flood  plains.  Some  additional  limited  flood  plain  land 
will  be  built  on  until  the  existing  Federal,  State  and  local  regula¬ 
tions  are  fully  enforced.  The  No  Acton  Program  assumes  that  in  the 
absence  of  any  corrective  Federal  Program,  local  interests  would 
elect  to  participate  in  the  National  Flood  Insurance  Program  (FIP) 
and  enforce  its  requirements  of  controlling  the  future  growth  within 
the  flood  plains. 
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TABLE  2-1 


POTENTIAL  MEASURES 


NO  ACTION  PROGRAM 

(See  Text  for  Definition) 

REGULATORY  MEASURES 


1. 

National  Flood  Insurance  Program 

2. 

Flood  Plain  Regulations 

a. 

Encroachment  Lines 

b. 

Zoning 

c. 

Subdivision  Regulations 

3. 

Land 

Use  Programs 

4. 

Other  Regulatory  Measures 

a. 

Building  Codes 

b. 

Urban  Redevelopment 

c. 

Tax  Adjustments 

d. 

Warning  Signs 

e. 

Health  and  Fire  Regulations 

f. 

Cleanup  Campaign 

8* 

Flood  Forecasting 

CORRECTIVE  MEASURES 

1.  Land  Treatment  Measures 

2.  Reservoirs 

3.  Walls  and  Dikes 

4.  Reservoir  Management  Programs 

5.  Hurricane  Barriers 

6.  Stream  Improvements 

a*  Channel  Modification 

b.  Modification  or  Removal  of  Dams 

c.  Diversion  of  Flood  Flows 

7.  Floodproofing  or  Relocation 
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By  declining  to  participate  in  the  NFIP,  communities  become 
ineligible  for  any  Federal  funds  to  be  expended  within  a  floodprone 
development.  As  ownerships  of  existing  properties  in  the  flood  plain 
are  transferred,  new  homeowners  desiring  financing  from  any  Federally 
insured  lending  institution  must  obtain  flood  insurance.  According 
to  law,  if  this  necessary  insurance  coverage  cannot  be  obtained,  a 
mortgage  could  not  be  underwritten. 

The  No  Action  Program  is  a  measure  that  already  has  been  adopted  by 
some  of  the  basin  communities.  As  soon  as  the  remaining  towns  enter 
the  regular  program  of  the  NFIP,  the  No  Action  Plan  will  be 
completed.  This  program,  at  a  minimum,  would  allow  the  flood  plain 
property  owner  or  a  tenant  the  opportunity  to  purchase  subsidized 
insurance  coverage  to  help  protect  against  any  economic  losses  that 
would  occur  as  a  result  of  a  major  flood  event. 

REGULATORY  MEASURES 

By  themselves  regulatory  measures  do  not  reduce,  eliminate  or  prevent 
the  threat  of  flooding.  They  regulate  or  discourage  the  use  and 
development  of  the  flood  plains,  lessening  the  threat  of  flood  damage 
and  possible  loss  of  life.  Several  regulatory  measures  which  are 
nonstructurally  oriented  and  applicable  to  this  watershed  are 
described  in  the  following  paragraphs. 

National  Flood  Insurance  Program  -  This  program  was  established  under 
the  Housing  and  Urban  Development  Act  of  1968,  expanded  in  the  Flood 
Disaster  Protection  Act  of  1973  and  subsequently  amended.  It  was 
specifically  designed  to  provide  limited  amounts  of  flood  insurance, 
previously  unavailable  from  private  insurers,  to  property  owners  by 
means  of  a  Federal  subsidy.  In  return  for  this  subsidy,  the  Act 
requires  that  State  and  local  governments  adopt  and  enforce  land  use 
and  control  measures  that  will  restrict  future  development  in 
floodprone  areas  in  order  to  avoid  or  reduce  futher  flood  damages. 
These  measures  include  flood  plain  zoning,  careful  siting  and 
drainage  preparations,  special  construction  practices  and  building 
materials,  special  treatment  of  sewage  disposal  systems,  and 
elevation  of  the  first  floor  above  the  level  of  the  100-year  flood. 
Flood  insurance  is  available  through  local  insurance  agents  only 
after  a  community  applies  and  is  declared  eligible  by  the  Flood 
Insurance  Administration,  U.S.  Department  of  Housing  and  Urban 
Development  (HUD). 

Flood  Plain  Regulations  -  Several  decades  of  flood  plain  regulatory 
experience  a*-  State  and  local  levels,  plus  a  substantial  body  of 
favorable  court  cases,  attest  to  the  important  role  flood  plain 
regulations  can  play  in  preventing  future  increases  in  flood 
problems.  Implementation  of  adequate  regulations  may  prohibit  new 
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useo  In  urban  and  rural  floodway  areas  that  may  cau/tn  Jximr,  ng 
Increases  In  flood  heights.  They  may  require  Una:  new  uses  in  noth 
urban  and  rural  flood  areas  be  designed  with  individual  fiood 
protection  through  elevation  on  fill  or  structural  floodproofing  to 
the  100-year  flood  elevation. 

There  are  three  principal  food  plain  regulatory  too  It  m  •!)►■  loro1, 
level  that  are  available  foi  usage.  These  consist  .>*  a.ilng, 
subdivision  controls  and  bu..lding  codes.  Each  is  detailed  in  r.hr 
following  paragraphs  and  summarized  fn  Tables  2-2  through  ?  \ . 

a.  Zoning  -  Zoning  Is  the  most  popular  local  flood  plain  manage¬ 
ment.  Traditional  zoning  divides  a  community  into  districts  and 
applies  varying  use  standards  to  each  of  the  districts.  ’  zoning 
ordinance  consists  of  a  map  which  delineates  the  use  districts  and  a 
written  text  that  describes  use  standards  Tor  the  districts.  Use 
standards  are  of  two  types,  one  that  determines  the  classes  of  use 
(commercial,  rssidential,  etc.)  in  the  district  and  the  second  that 
establishes  minimum  standards  for  permitted  uses,  such  as  lot  size 
and  building  setbacks. 

Flood  plain  zoning  map3  and  the  accompanying  text:  are  often  pvt  of  a 
broader  zoning  ordinance.  One  or  more  flood  plain  districts  are 
usually  delineated  on  the  community  zoning  man-  A  single  district 
approach  tightly  controls  all  development,  within  the  delineated 
areas.  Its  use  is  acceptable  for  rural  towns  wher-"  considerable 
vacant  land  exists  in  a  nonflood  plain  area.  A  second  approach 
involves  the  delineation  of  two  districts;  a  floodway  and  flood 
fringe  area.  Development  is  tightly  controlled  in  the  lloodway  to 
preserve  flood  flow  capacities,  but  a  wide  range  of  uses  is  generally 
permitted  in  the  flood  fringe  as  long  as  each  individual  structure  is 
protected  against,  flooding  losses  at  the  hundred  year  event:.  This 
two  district  approach  permits  a  wider  range  of  flood  plain  losses. 

The  floodway  is  a  portion  of  the  area  a  selected  flood  (100-year  for 
the  purposes  of  this  report  and  to  coincide  with  the  NFIP  definition) 
would  occupy,  consisting  of  a  stream  channel  and  overbank  areas.  The 
floodway  is  calculated  to  be  capable  of  conveying  the  selected  flood 
discharge  without  flood  heights  or  velocities  increasing  to  exceed 
stated  levels  (1-foot  for  this  report  and  NFIP).  The  regulatory 
floodway  is  not  an  actual  channel  or  concrete  conduit,  rather  an  area 
of  sufficient  width  and  flood  conveyance  characteristics  to  pass  the 
flood  waters  from  up  .fr earn  to  downstream  points  along  a  watercourse 
without  increasing  the  flood  heights.  In  this  calculation  all  areas 
outside  the  floodway  are  assumed  to  play  no  role  in  passing  flood 
flows,  and  the  floodway  itself  is  assumed  to  remain  in  an  open 
condition.  Floodway  areas  are  subject  to  frequent  high  velocity 
flooding  often  at  considerable  depths.  The  flood  fringe  is  the 
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portion  of  the  regulatory  flood  plain  beyond  the  limits  t  '  the 
floodway.  It  Is  subject  to  less  frequent  and  lower  v<  lority  flooding 
and  does  not  play  a  major  role  in  passing  flood  flows.  See  Figir'e  ?  - 
1  for  a  graphical  view  of  eacn  definition. 

b.  Subdivision  Regulat ions  -  Subdi  vision  regulations  control  the 
division  and  sa;  of  lands,  the  regulations  require  that  landowners 
prepare  detailed  maps  or  "plates"  prior  to  the  sale  of  lots.  Plates 
must  first  he  approved  by  the  planning  commission.  Plates  must 
comply  with  standards  established  i  .  the  subdivision  regulations, 
zoning  and  other  laws.  Subdivision  s.~ '?;dards  relating  to  flooding 
typically  Tv-quire  that  lots  be  made  salable  for  these  Intended  uses, 
and  that  the  subdivider  install  public  facilities  such  as  roads, 
sewers  and  water  with  partial  or  total  protection  from  flooding* 

c.  Building  and  Housing  Codes  -  These  simply  regulate  the  building 
desig  i  and  construction  materials.  Building  areas  and  a  variety  of 
special  codes  have  been  adopted  by  some  communities  to  reduce  Hood 
probl  -ns  or  assist  in  the  construction  of  flood  control  works.  Codes 
are  subject  to  the  same  general  legal  requirements  as  zoning  and 
subdivision  control.  They  address  limited  aspects  of  flood  plains 
use  and  a  small  number  of  uses  and  are.  therefore  less  susceptible  to 
challenge  than  the  taking  of  property.  However,  when  exe**ci sed  in 
isolation  they  are  also  less  useful  in  carrying  ou  overs 31  flood 
plain  management  goals. 

Flood  Warning  Systems  -  The  National  Weather  Servi  .e<  ''NWS)  is 
responsible  for  forecasting  flash  floods  (those  whicl  crest  within  a 
period  of  six  hours)  and  major  floods  (those  which  te.ke  a  longer 
period  to  crest).  Flood  warning  systems  utilize  sirens,  radio, 
television  and  newspapers  to  disseminate  information  on  floods. 

A  few  communities  have  adopted  flash  flood  alarm  systems  wf  ich 
automatically  activate  an  alarm  when  flood  waters  reach  a  certain 
level. 

Of  course,  the  determination  of  a  flood  hazard  is  only  one  aspect  of 
a  flood  warning  system.  The  other  aspect — dissemination  of 
information  concerning  the  hazard — is  often  more  difficult. 

Television  and  telephones  have  somewhat  simplified  the  task,  but 
serious  communication  problems  still  exist  for  sudden  flood  events. 

To  be  optimally  useful,  flood  warnings  must  allow  sufficient  time  for 
the  evacuation  of  the  people  and  goods  from  the  flood  plains  or  the 
initiation  of  emergency  flood  protection  measures.  Flood  gates  and 
movable  doors  for  f lo>dproof ing  may  be  inoperable  due  to  lack,  of 
maintenances  or  repair,  or  they  may  have  been  misplaced.  Cats  may 
not  be  able  to  be  removed  from  dealer  lots.  Materia!  or  stock  and 
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contents  may  not  be  able  to  be  elevated  to  higher  grounds  It  is 
therefore  important  that  logistic  support  be  provided  to  make  use  of 
advance  warnings. 

Urban  Renewal  -  Urban  renewal  has  been  used  in  some  instances  to 
renovate,  raze  or  rebuild  some  flood  blighted  areas  and  to  allocate 
the  lands  to  open  space  use  to  reduce  flood  losses,  provide  open 
space,  reduce  disease  and  serve  other  community  objectives. 

Tax  Incentive  -  Tax  incentives  have,  in  sorv  instances  been  used  to 
encourage  preservation  of  the  flood  plain  in  an  open  condition  and  to 
reduce  flood  losses,  provide  open  space,  preserve  agricultural  land 
and  meet  other  objectives. 

Public  Open  Space  Acquisition  -  The  acquisition  of  flood  plain  areas 
for  public  open  space  use  has  grown  rapidly  in  popularity.  Some 
cities  such  as  Milwaukee  have  purchased  virtually  all  flood  plain 
areas  for  park  and  parkway  use.  Such  acquisitions  may  serve  the 
final  functions  of  controlling  private  development  and  providing 
public  open  space  for  parks,  wildlife  areas,  hiking,  water  sports  and 
similar  use.  Public  open  space  recreation  uses  often  may  be  designed 
with  minimum  damage  potential  from  flood  waters. 

While  flood  plain  lands  may  be  less  costly  for  park  acquisition  than 
similar  lands  throughout  a  community  due  to  the  flooding  c'nreats, 
acquisition  costs  often  exceed  several  thousand  dollars  per  acre. 

For  this  reason,  easement  rather  than  fee  purchase  may  be  attrac¬ 
tive.  However,  experience  with  scenic,  conservation  and  similar 
types  of  easements  may  sometimes  be  expensive  and  are  unsatisfactory 
where  the  public  must  make  intensive  use  of  private  land  for 
picnicking  or  other  uses. 

Federal  grants  in  aid  for  park  acquisition  are  available  from  the 
Land  and  Water  Conservation  Fund  of  the  Bureau  of  Outdoor  Recrea¬ 
tion.  In  addition,  revenue  sharing  and  State  open  space  funding 
programs  are  available  Im  many  states.  Generally,  the  total  Federal 
share  may  not  exceed  fifty  percent  of  acquisition  costs  although 
State  grant8-in-aid  may  increase  the  total  State  and  Federal 
contribution.  In  some  states,  park  acquisition  for  flood  plain  lands 
is  given  high  priority  because  of  the  multiple  benefits  involved. 
However,  flood  plains  do  not  in  all  instances  make  good  parks  because 
of  their  topographic  features  or  inaccessability  to  users. 

Proposals  have  been  made  to  subsidize  local  flood  plain  acquisition 
for  open  space  purposes  through  State  or  Federal  grant-in-aid.  Such 
Federal  or  State  subsidies  to  accomplish  multiple  goals  might  in  some 
instances  be  favored  in  comparison  with  flood  control  works  because 
of  the  multiple  benefits  (recreation,  flood  loss  reduction)  accrued. 
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100  YEAR  FLOOD  PLAIN 


DEPARTMENT  OF  HOUSING  ANO  URBAN  DEVELOPMENT 
Ftdertl  I  marine*  AAimiwtratien 


CORRECTIVE  MEASURES 


In  urbanized  flood  prone  areas,  the  most  cost  effect* ve  way  to 
reduce  existing  flood  losses  is  with  correct 've  measures.  When 
considering  several  flood  prone  c  ty  blocks  of  stores  and  homes,  or  . 
large  Industrial  center,  it  is  unrealistic  to  expect  that  the 
regulatory  measures  will  suffice  in  reducing  flood  proh’ems. 

These  corrective  measures  listed  below  are  the  traditional  measure 
that  deal  with  flood  problems.  Thest  modifications  of  the  natural 
flood  regime  are  designed  to  change  the  extent  and  timing  of  flood 
flow  to  lower  elevations  and  to  partially  or  wholly  protect 
individual  structures  or  entire  areas  from  flooding.  Each  technique 
has  a  somewhat  different  function  and  application. 

Land  Treatment  Measures  -  Substantial  portions  of  the  upper  watershed 
have  undergone  a  land  use  change  from  agriculture  to  residential  or 
other  urban  types.  As  this  practice  is  expected  to  continue, 
vegetative  and  mechanical  land  treatment  measures  could  be  an 
effective  tool  in  helping  to  control  erosion.  In  addition  to 
damaging  the  lands  from  which  the  soil  originally'  came,  erosion 
greatly  increases  the  sediment  transport  rate  of  the  stream  r •  Iti^r 
in  high  deposition  and  increased  scour  rates.  It  is  therefore 
necessary  to  try  to  control  erosion  in  these  developing  ar.  as,. 

Proper  grading  of  the  new  subdivisions  along  with  the  preservation 
as  many  trees  and  shrubs  as  possible  is  essential*  '"'-re  fear* hi 
fast  growing  annual  grass  seed  should  be  used  interspersed  wi th  'he 
slow  growing  perennial  species,  to  help  establish  a  good  soil 
cover.  Maximum  slope  grading  should  be  established  which  would  slow 
down  any  runoff  and  subsequent  scour. 

Significant  areas  of  land  are  still  farmed.  To  help  retard  the 
erosion  rate  conservation  land  treatment  practices  should  be 
practiced.  Some  of  these  measures  are  contour  farming,  cover 
cropping,  terracing,  critical  area  planting,  pasture  and  hayland 
management  and  stabilization. 

If  the  above  practices  are  not  possible  either  in  the  urban  or  ruta 
areas,  alternative  measures  should  be  employed  to  help  reduce  the 
erosion.  Some  of  these  measures  are  debris  and  desilting  basins, 
mulching  of  steep  slope  areas,  or  the  establishment  of  planted  buffer 
zones  between  open  areas. 

Reservoirs  -  These  are  designed  to  temporarily  hold  fJ.oodwatcrs  and 
release  them  slowly  to  reduce  flood  peaks.  In  New  England  these 
generally  consist  of  rolled  earth  and  rookfilled  structures  for 
impounding  uncontrolled  floodwaters.  They  are  general ly  located  at 


strategic  points  within  a  watershed  to  provide  flood  protection  to 
downstream  communities.  An  important  factor  relating  to  reservoirs 
that  should  not  be  overlooked  is  their  ability  to  satisfy  other 
needs.  Such  multiple  objectives  result  in  greater  utilization  of  the 
available  natural  resources  within  a  watershed. 

Walls  and  Dikes  -  This  approach  usually  involves  a  system  or  a 
combination  of  concrete  floodwalls,  earth-rockf illed  dikes  and 
appurtenant  facilities  for  confining  flood  flows  to  the  channel  or 
floodway.  These  are  generally  referenced  '»  local  protection 
projects  because  they  provide  protection  to  localized,  high  risk 
flood  prone  areas  located  behind  the  dike  system. 

Reservoir  Management  Programs  -  The  objective  of  this  approach  is  to 
temporarily  retard  peak  flows  long  enough  to  desynchronize  tributary 
flows  from  the  flood  peaks  on  the  main  stem  or  at  high  damage 
areas.  The  water  stored  in  the  reservoir  is  then  released  at  a 
controlled  rate  as  soon  as  possible  after  the  flood  peal-.  To  be 
effective  considerable  dependable  storage  must  be  available  at  all 
times  during  the  year  and  a  means  of  controlling  the  upstream  runoff 
and  reservoir  releases  must  be  present.  There  are  no  such  existing 
sites  in  the  Pawtuxet  Basin.  If  any  future  reservoir  is  constructed 
some  form  of  control  structure  and  dependable  storage  for  flood 
control  should  be  considered. 

Hurricane  Barriers  -  This  measure  is  utilized  where  low  Tying  heavily 
urbanized  areas  are  exposed  to  either  hurricanes  or  storm  induced 

tidal  surges.  They  consist  of  a  system  of  dikes  and  walls  along  low 

lying  lands  that  are  tied  into  a  rockfilled  jetty  that  also  usually 
contains  navigational  gates  and  a  pump  house.  When  the  barrier  is 
placed  into  operation,  the  navigational  gates  (and  street  gates  if 
any)  are  closed  and  braced  and  the  pumps  activated.  These  pumps  are 

used  to  prevent  an  increase  in  the  water  surface  behind  the 

protection  caused  by  any  tributary  drainage  that  now  cannot  flow  out 
normally  to  the  sea. 

Stream  Improvements  -  Where  substantial  flood  damages  can  be 
attributed  to  the  deterioration  or  neglect  of  the  waterways,  a 
rehabilitation  program  for  improving  channel  conditions  to  increase 
their  hydraulic  efficiency  and  subsequent  flood  carrying  capacity 
could  generally  be  accomplished  by  the  following  measures: 

a.  To  alleviate  frequent  flooding  and  subsequent  flood  losses 
various  methods  of  channel  restoration  work  could  include: 

-Possible  elimination  of  abrupt  turns  and  oxbows; 

-Widening  and  deepening  of  certain  stretches  of  river; 
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-Improvement  of  waterway  areas  at  bridges  and  culverts; 

-Removal  of  shoals,  sandbars  and  islands  impeding  minor  flood 
flows;  and 

-Removal  of  overhanging  trees,  uprooted  trees  and  accumulated 
debris  at  critical  points. 

b.  Channel  improvements  of  restricted  pondage  areas  by  modification 
or  removal  of  dams  could  also  offer  some  flood  relief  to  critically 
high  risk  flood  prone  areas  providing  proper  measures  are  taken  to 
prevent  excessive  scour  siltation. 

c.  The  diversion  of  flood  flows  as  a  means  of  bypassing  heavily 
congested  flood  prone  areas  could  provide  an  adequate  and  high  degree 
of  flood  protection  while  minimizing  the  social  and  environmental 
impact. 

CORRECTIVE  NONSTRUCTURAL  METHODS 

Temporary  and  Permanent  Closures  for  Openings  in  Existing  Structures 
-  Structures  whose  exterior  is  generally  impermeable  to  water  can  be 
made  to  keep  floodwater  out  by  installing  watertight  closures  in 
openings  such  as  doorways  and  windows.  While  some  seepage  will 
probably  always  occur,  it  can  be  reduced  by  applying  a  sealant  to  the 
walls  and  floors  and  by  providing  a  floor  drain  where  practical. 
Closures  may  be  temporary  or  permanent.  Temporary  closures  are 
installed  only  during  a  flood  threat  and  therefore  need  warning  time 
for  installation. 

As  most  residential  structures  in  this  area  are  made  of  wood  frame 
construction  only  the  basement  would  be  considered  applicable  for 
floodproofing.  However,  as  many  industrial  and  commercial 
establishments  are  constructed  of  concrete  block  with  relatively  few 
openings  at  zero  to  three  feet  above  the  first  floor  slab,  serious 
consideration  should  be  given  to  protecting  them,  even  if  at  their 
owners  expense.  There  are  several  disadvantages  to  this  means  of 
protection.  As  mentioned  above,  it  is  applicable  only  to  structures 
with  brick  or  masonry  type  walls,  and  only  to  a  level  where  they  can 
withstand  the  hydrostatic  and  uplift  pressure  of  the  floodwaters. 
Another  disadvantage  is  the  reduced  likelihood  of  effective  closure 
at  nights  and  during  vacations  when  temporary  closures  are  employed; 
and  lastly  the  entire  measure  may  create  a  false  sense  of  security 
and  induce  people  to  stay  in  the  structure  longer  than  they  should. 

Raising  Existing  Structures  -  Existing  structures  in  flood  hazard 
areas  can  often  be  raised  in  place  to  a  higher  elevation  to  reduce 
the  susceptibility  of  the  structure  to  flood  damage.  Specific 
actions  required  to  raise  a  structure  include: 


a.  Disconnect  all  plumbing,  wiring  and  utilities  which  cannot  be 
raised  with  the  structure. 

b.  Place  steel  beams  and  hydraulic  jacks  beneath  the  structure  and 
raise  to  the  desired  elevation. 

c.  Extend  existing  foundation  walls  and  piers  or  construct  new 
foundation. 

d.  Lower  the  structure  onto  the  extended  cr  new  foundation. 

e.  Adjust  walls,  steps,  ramps,  plumbing  and  utilities  and  regrade 
site  as  desired. 

f.  Reconnect  all  plumbing,  wiring  and  utilities. 

g.  Insulate  exposed  floors  to  reduce  heat  loss  and  protect  plumbing, 
wiring,  utilities  and  insulation  from  possible  water  damage. 

These  actions  are  intended  to  place  the  structure  at  a  higher 
elevation  at  its  existing  site  and  to  protect  plumbing  and  utilities 
previously  below  the  first  floor  from  water  damage.  Because  the 
hazard  is  not  eliminated,  but  only  the  damage  potential  reduced,  it 
is  important  that  the  potential  for  flooding  below  the  first  floor  be 
recognized  in  the  raising.  Lateral  stability  of  the  structure  should 
be  insured  by  designing  the  foundation  walls.  Such  design  would 
include  the  use  of  thick  concrete  mats  for  the  floor  slab  and  a 
structurally  designed  concrete  wall.  Both  necessitate  the  use  of 
reinforcing  steel. 

Some  of  the  advantages  to  raising  a  structure  are  as  follows:  Damage 
to  structure  and  contents  is  reduced  for  floods  below  the  raised 
first  floor  elevation.  It  is  particularly  applicable  to  single  and 
two  story  structures  already  on  a  raised  foundation.  There  are  no 
elevation  limitations  to  raising  a  structure  as  long  as  the 
floodwaters  are  allowed  to  pass  through  the  basement.  Finally,  the 
flood  insurance  premiums  for  the  secondary  layer  of  coverage  are 
drastically  reduced. 

Some  of  the  disadvantages  are  as  follows:  Residential  damages  exist 
when  floods  exceed  the  raised  first  floor  elevation.  Minor  damage  may 
occur  below  first  floor  depending  upon  use.  Measure  is  not  generally 
feasible  for  structures  with  slab  on  grade  foundations  or  for 
complete  f loodproof ing  measures  where  cellar  flooding  is  not 
tolerated.  Extensive  landscaping  and  terracing  may  be  necessary  if 
the  height  raised  is  extensive.  Finally,  that  the  costs  are 
approximately  50  percent  of  the  market  value  of  a  home,  making  it 
extremely  difficult  for  the  average  homeowner  to  afford. 
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Small  Walls  or  Dikes  -  This  measure  consists  of  a  minimal  height  wall 
or  dike,  generally  less  than  6  feet  and  so  designed  that  It  protects 
one  or  several  structures  and  Is  built  to  be  compatible  with  local 
landscape  and  aesthetics.  Walls  may  be  of  any  suitable  material  and 
so  designed  that  they  resist  the  lateral  and  uplift  pressures 
associated  with  flooding.  Dikes  are  usually  constructed  with  an 
impervious  core  to  prevent  seepage  and  with  a  slope  protection  if 
erosion  is  a  problem,  or  both  of  the  above  where  access  openings  are 
necessary.  Provisions  must  be  made  to  close  these  openings  during 
floods.  Interior  drainage  facilities  such  as  a  small  sump  pump  may 
be  necessary  to  control  the  land  and  rcof  runoff. 

Rearranging  or  Protecting  Damageable  Property  Within  an  Existing 
Structure  -  Within  an  existing  structure  or  group  of  structures 
damageable  property  can  often  be  placed  in  a  less  damageable 
location,  or  protected  in  place.  It  is  something  every  property 
owner  can  do  to  one  degree  or  another  depending  upon  the  type  and 
location  of  the  susceptible  property  and  upon  the  severity  of  the 
flood  hazard.  Some  of  the  possibilities  are  as  follows: 

a.  Protecting  furnaces,  water  heaters,  air  conditioners,  washers, 
dryers,  shop  equipment  and  other  similar  property  by  raising  them  off 
the  floor.  This  may  be  appropriate  for  shallow  flooding  conditions. 

b.  Relocating  damageable  property  to  higher  floors.  Moving  property 
from  the  basement  to  the  first  floor  or  second  floor  would  be  an 
example.  This  action  usually  requires  altering  ducts,  plumbing  and 
electrical  wiring  and  making  space  available  at  the  new  location. 

c.  Relocating  commercial  and  industrial  finished  products, 
merchandise  and  equipment  to  a  higher  floor,  or  adjacent  and  higher 
building,  or  to  a  less  flood  prone  site. 

d.  Anchoring  all  property  which  might  be  damaged  by  movement  from 
f loodwater. 

Removal  of  Structures  from  the  Flood  Hazard  Areas  -  The  previous 
description  discussed  relocating  and  protecting  damageable  property 
within  an  existing  structure.  However,  at  a  certain  level,  this  Is 
no  longer  feasible.  This  section  discusses  two  options  for  removing 
property  to  a  location  outside  the  flood  hazard  area.  One  option  is 
to  remove  both  structure  and  contents  to  a  flood  free  site.  This 
involves: 

a.  Locating  and  purchasing  land  at  a  new  site. 

b.  Preparing  the  new  site,  services,  driveway,  sidewalk  and  new 
foundation. 
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c.  Raising  structure  off  its  existing  foundation,  transporting  it  to 
the  new  site  and  placing  it  on  this  new  foundation. 

d.  Moving  contents  from  existing  to  new  location. 

e.  Removing,  disposing  and  backfilling  the  foundation  at  the 
existing  site. 

f.  Providing  temporary  lodging  during  relocation. 

A  second  option  is  to  remove  only  the  contends  to  a  structure  located 
at  a  flood  free  site  and  demolish  the  existing  site.  This  measure 
includes: 

a.  Locating  an  existing  structure,  or  building  a  new  structure  at  a 
flood  free  site. 

b.  Moving  contents  from  an  existing  to  a  new  location. 

c.  Either  demolishing,  and  where  possible  salvaging  the  existing 
structure,  or  reusing  it  for  a  less  damage  susceptible  use. 

INITIAL  SCREENING 

Table  2-5  illustrates  the  initial  screening  and  elimination  process 
used  in  the  first  phase  of  formulating  a  flood  management  plan  for 
the  Pawtuxet  River  Basin.  Utilizing  available  data  concerning  known 
flood  problems  within  the  basin  and  known  desires  of  local  interests, 
all  potential  solutions  were  evaluated  and  judged  on  their  own  merits 
at  this  stage  of  the  analysis,  with  each  measure  acting  indepen¬ 
dently.  Only  those  measures  that  pro' ided  an  adequate,  realistic  and 
practical  engineering  solution  and  would  be  socially  acceptable, 
environmentally  acceptable  and  economically  justified  were  reserved 
for  more  detailed  consideration  in  the  intermediate  screening. 

At  this  stage  of  the  evaluation  analysis,  the  No  Action  program  and 
regulatory  measures  were  determined  to  be  applicable  to  all  16  zones 
in  the  watershed.  Both  programs  would  be  geared  to  preventing  or 
minimizing  flood  losses  to  existing  and/or  future  flood  plain 
development,  rather  than  providing  reductions  in  flood  stages.  As 
such,  they  could  supplement  possible  corrective  measures,  and  both 
programs  were  reserved  for  subsequent  evaluation. 

CORRECTIVE  MEASURES 

The  following  corrective  measures  were  analyzed  as  independent 
components  for  solving  specific  flood  control  problems  and  needs 
pertaining  to  the  basin: 
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TABLE  2-5 
INITIAL  SCREENING 


POTENTIAL  MEASURES 

- 1 

1 

1A 

2 

2A 

(2A-1+2 ) 

3 

4 

4A 

NO  ACTION  PROGRAM 

E 

E 

E 

E 

E 

E 

E 

REGULATORY  MEASURES  (ALL) 

E 

E 

E 

E 

E 

E 

E 

CORRECTIVE  MEASURES 
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CRITERIA  APPLIED  DURING  SCREENING 


DAMAGE  ZONES 


1.  Economically  Infeasible  North  Pranch -  1-1A 

2.  Engineeringly  Impractical  South  Pranch -  2-2A 

3.  Socially  Unacceptable  Main  Stem -  3-8 

4.  adequate  Solution  Meshanticut  Prook -  4A-4P 

5.  iNio  Major  Needs  or  Problems  Pocasset  River - -  6A-6P 

6.  Not  Applicable  Roger  Williams  Brook  -  7A-7R 
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2- 2A 
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4A-4P 


Further  Evaluation  Warranted 


Further  Evaluation  Unwarranted 


Land  Treatment  Measures  -  Of  the  16  zones  in  the  watershed,  only  zone 
2  has  been  considered  for  land  treatment  measures.  This  is  due  to 
the  potential  construction  of  Big  River  Reservoir  and  the  need  for 
soil  erosion  prevention  during  construction.  In  the  other  zones 
significant  erosion  and  sediment  problems  were  deemed  nonexistent, 
not  subject  to  correction  by  vegetative  or  slope  protection  measures, 
or  have  been  aggravated  mostly  by  recent  uncontrolled  urbanization 
which  will  eventually  stabilize  resulting  in  less  critical  erosion. 
Assistance  in  land  treatment  measures  in  certain  zones  is  available, 
under  existing  authority,  through  the  Soil  Conservation  Service,  U.S. 
Department  of  Agriculture. 

Reservoirs  -  Within  the  study  area,  numerous  reservoir  sites  were 
originally  investigated  to  alleviate  flooding  as  well  to  satisfy 
other  needs.  Due  to  the  limited  degree  of  protection  that  small 
reservoirs  could  provide  to  existing  damage  areas,  the  many 
engineering,  social  and  environmental  constraints,  and  due  to  the 
findings  that  costs  would  far  exceed  accrued  benefits,  most  of  the 
reservoir  sites  considered  were  eliminated  from  further  evaluation. 
Results  of  this  preliminary  analysis  indicated,  however,  that  12 
reservoir  sites  warranted  further  investigation,  either  as  single 
purpose  flood  control  projects  or  as  multi-purpose  projects. 

Of  these  12  reservoir  sites,  seven  were  within  the  Pocasset  River 
watershed,  namely:  two  each  on  Simmons  and  Dry  Erooks  and  three  on 
the  main  stem  of  the  Pocasset  River.  Along  Furnace  Hill  Brook,  a 
tributary  of  the  Meshanticut  Brook,  another  reservoir  site  was 
evaluated.  On  both  the  North  and  South  Branches,  four  impoundments 
were  analyzed.  Two  involved  modification  of  the  existing  Flat  River 
and  Scituate  Reservoirs,  the  third  involved  provision  of  a  sub¬ 
impoundment  at  Scituate  Reservoir,  and  the  fourth  entailed  evaluation 
of  the  Big  River  Reservoir  site  as  a  multiple  purpose  impoundment. 

Of  this  entire  group,  only  one  potential  project  was  found  to  warrant 
further  evaluation,  the  Big  River  Reservoir  project  that  would 
provide  substantial  flood  reduction  benefits  for  Zone  2A.  As  this 
project  is  presently  under  the  jurisdiction  of  the  Rhode  Island  Water 
Resources  Board  and  in  the  preliminary  engineering  design  stage,  it 
is  essential  that  consideration  be  given  to  providing  additional 
storage  for  flood  control. 

Modification  of  the  existing  Scituate  Reservoir  was  found  to  be 
economically  unjustified.  The  reach  immediately  downstream  from 
Scituate  Reservoir  does  not  have  significant  flood  problems  and  is 
adequately  protected  by  the  existing  dam.  To  utilize  Scituate 
Reservoir  for  flood  control  purposes  would  require  raising  the 
existing  structure  an  additional  10  feet.  This  would  serve  only  to 
reduce  the  required  size  of  downstream  structures,  rather  than 
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eliminate  their  need.  It  was  determined  that  the  cost  of  added 
storage  at  Scituate  Reservoir  would  be  greater  than  the  cost  of 
corresponding  increases  in  the  size  of  downstream  projects. 

Therefore,  such  modification  of  Scituate  Reservoir  was  unjustified. 

Walls  and  Dikes  -  Concrete  walls  and  dikes,  generally  referred  to  as 
local  protection  projects,  were  deemed  to  be  an  effective  means  for 
providing  flood  protection  to  high  risk  flood  prone  areas.  Zones  4, 
5,  6,  6B,  7,  7B  and  8  meet  these  high  risk  conditions.  As  a  result 
wall  and  dike  measures  were  retained  for  further  evaluation.  The 
remaining  damage  zones  were  eliminated  from  further  consideration 
since  they  are  subject  to  only  minimal  flood  losses. 

Reservoir  Management  Program  -  The  basic  element  in  a  reservoir 
management  program  entails  lowering  the  levels  of  existing  reservoirs 
to  reduce  peak  flood  discharges  thereby  reducing  damages.  With  the 
exception  of  Scituate  and  Flat  River  Reservoirs,  further  investiga¬ 
tion  of  other  small  reservoirs  was  deemed  impractical  due  to  the 
small  storage  capacities  involved. 

Hurricane  Barriers  -  To  eliminate  the  threat  of  tidal  flooding, 
hurricane  barriers  were  considered  at  two  locations,  one  near  the 
mouth  of  the  Pawtuxet  River  and  the  other  at  the  entrance  to  Pawtuxet 
Cove.  Both  projects  would  require  substantial  construction  and  river 
widening.  Further  consideration  of  both  these  projects  was  de*-er- 
mined  to  be  unwarranted  due  to  high  construction  aid  relocation  costs 
and  adverse  social  and  environmental  impacts.  The  fcrmer  would 
involve  total  reconstruction  of  the  Pawtuxet  Dam.  It  would  consist 
of  a  control  structure  with  a  wall  traversing  the  river,  and  a  large 
pumping  station.  In  order  to  allow  for  the  passage  of  riverine  flood 
flows,  the  existing  channel  would  have  to  be  v/idened  to  about  twice 
its  present  size  for  a  distance  of  about  4  miles,  this  would 
necessitate  relocation  of  some  of  the  existing  highly  flood  prone 
industrial-commercial  properties  as  well  as  significant  portions  of 
the  Norwood  residential  area.  Six  bridges  and  many  local  roads  will 
also  have  to  be  significantly  modified. 

The  barrier  at  the  entrance  to  Pawtuxet  Cove  would  require  a  large 
rock  jetty  and  navigational  gates  in  addition  to  this  control 
structure  and  pumping  station.  The  widening  of  the  lower  portions  of 
the  Pawtuxet  River  would  still  be  required.  In  addition  to  providing 
flood  protection  to  the  lower  portions  of  the  Pawtuxet,  this  scheme 
would  provide  protection  to  the  large  recreational  navigation  fleet 
residing  in  Pawtuxet  Cove  as  well  as  low  lying  properties. 

Further  consideration  of  either  or  both  of  these  projects  was 
determined  to  be  unwarranted  due  to  the  high  construction  costs, 
relocation  costs  and  the  adverse  social  and  environmental  impacts. 
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The  annual  benefits  of  such  a  proposal  would  be  lee3  than  a  million 
dollars  where  construction  cost  on  an  annual  basis  could  be  well  over 
$4  million. 

Stream  Improvements  -  The  chanr  1  conditions  of  some  of  the  streams 
within  the  basin  have  been  neglected  to  such,  a  degree  that  their 
deterioration  has  affected  their  hydraulic  efficiency.  Some  of  the 
flooding  condition  has  been  aggravated  either  by  siltation,  riverbank 
and  lowland  encroachment,  inadequate  bridge  and  culvert  openings  or 
general  neglect  In  the  removal  of  excessive  vegetative  growth  and 
accumulated  debris,  part icularly  more  notice  'le  along  the  smaller 
tributaries  such  as  Meshanticut  Brook  and  the  :'ocasset  River. 

Although  relatively  insignificant  for  a  major  flood  these  conditions 
can  cause  increased  flood  stages  and  more  damages  at  a  frequent  type 
storm  event.  Removal  of  dams,  diversion  of  flood  flows  and  channel 
modification  were  considered  as  a  means  of  remedying  these 
conditions. 

a.  Removal  of  Dams  -  Within  the  basin  there  are  numerous  dams 
serving  the  needs  of  the  area.  Many  of  the  smaller  dams,  originally 
intended  for  power  generation  and  for  process  water,  have  not  only 
been  neglected  but  have  become  obsolete.  Their  siltation  has  caused 
restricted  pondage  and  impedance  to  normal  river  flow. 

As  it  has  been  suggested  by  concerned  interests  removal  of  some  of 
these  dams  would  reduce  flood  flow  gradients,  thereby  reducing  flood 
damages.  The  dam  most  often  referenced  was  the  Pawtuxet  Dam  si'uated 
at  the  mouth  of  the  Pawtuxet  River.  This  dam  consists  of  a  low  head 
structure  that  prevents  saline  intrusion  under  normal  tides.  The 
riverbed  slope  upstream  of  the  structure  has  a  very  flat  hydraulic 
gradient  resulting  in  a  slow  moving  stream  with  subsequent  very  low 
velocities.  Results  of  backwater  studies  performed  to  determine  the 
effects  of  complete  dam  removal  have  Indicated  that  during  a  standard 
project  riverine  flood,  the  flood  stage  would  be  reduced  about  7  feet 
at  the  dam  (see  plate  2-1)  with  reduction  diminished  upstream  and 
becoming  insignificant  at  Warwick  Avenue.  For  a  100-year  flood 
event,  flood  stage  reduction  would  average  about  5.5  feet  at  the  dam 
diminishing  to  nil  at  Warwick  Avenue. 

Removal  of  this  dam  would  have  the  associated  impacts  of:  (a) 
returning  the  lower  Pawtuxet  to  a  tidal  estuary  with  a  large  degree 
of  irretrievable  environmental  harm;  (b)  as  normal  riverflow 
velocities  would  be  increased,  bank  erosion  would  become  a  problem, 
especially  In  areas  now  inundated  by  the  dam's  backwater.  This  would 
necessitate  costly  slope  protection  methods  in  such  erosion  prone 
areas;  and  (c)  the  sludge  deposits  behind  this  dam  would  become 
suspended  either  by  natural  effects  or  by  dredging.  Benthic  studies 
in  Pawtuxet  Cove  and  other  Pawtuxet  River  areas  indicate  that  the 


2-22 


IN  FEET  ABOVE  M.S.L.  OATUM 


A  INOICATES  H.W.M.  JULY  1936 
O  INOICATES  H.W.M.  MARCH  1966 
□  INDICATES  H.W.M.  JANUARY  1979 


WATER  RESOURCES  MANAGEMENT  REPORT 


PAWTUXET  RIVER  BASIN 
RHODE  ISLAND 

RIVER  PROFILE 

0IPMTMN1  01  TNI  1111 
MW  INOMM  0IVISI0*.  COIPS  01  MtOIMIIS 
WtlTRIW.  MISS 

~7 


i 


PLATE  2-1 


sludge  has  very  high  toxic  amounts  of  heavy  metals.  This  could  cause 
harm  to  the  flora  and  fauna  of  Narragansett  Bay.  The  economic 
benefits  to  be  gained  by  such  a  removal  are  minimal.  Most  of  the 
flood  prone  properties  in  the  Warwick  Avenue  Industrial  Park  would 
have  less  than  a  foot  reduction  in  riverine  flood  stages.  This 
proposal  would  have  no  effect  on  the  flood  stages  induced  by  tidal 
surges. 

As  the  flood  control  benefits  to  be  gained  by  the  dam  removal  are 
minimal  when  compared  to  the  estimated  modification  costs  and  the 
potential  environmental  harm  Federal  'nvolvement  is  considered 
unwarranted.  In  the  future  as  the  Pawtuxet  Dam  deteriorates,  it  is 
advocated  that  repairs  or  removal  be  judged  mainly  on  environmental 
considerations. 

A  second  dam  of  concern  on  the  Pawtuxet  River  is  the  Pontiac  Dam, 
located  at  river  mile  7.4.  This  structure  creates  an  impoundment 
with  backwater  extending  upstream  for  several  thousand  feet.  If  the 
dam  were  to  be  removed,  or  lowered,  as  requested  by  local  interests, 
flood  stage  reduction  upstream  of  the  dam  under  Standard  Project 
Flood  conditions  would  be  on  the  order  of  0.2  foot  in  the  impounded 
reach  (see  Plate  2-1).  For  a  100-year  frequency  flood  level 
reduction  would  be  significantly  greater,  but  only  approaching  about 
2.5  feet  at  the  dam  and  tapering  off  to  one  foot  at.  Natick  Dam. 
However,  potential  flood  losses  at  a  100-year  event  are  relatively 
minor. 

Based  on  a  preliminary  cost  evaluation  it  was  determined  that  related 
costs  involving  channel  improvement,  rock  slope  protection  and 
modification  of  a  few  bridges  would  exceed  accrued  benefits  and 
subsequent  analysis  would  be  unwarranted. 

Presently  there  is  little  flood  prone  development  at  the  100-year 
flood  level  upstream  of  the  dam  and  its  normal  backwater  pool  does 
have  some  limited  aesthetic  appeal.  In  the  future  if  the  dam  needs 
major  repair,  removal  should  be  considered  along  with  upstream 
measures  to  protect  against  scour  and  excessive  degradation. 

Removal  of  other  dams  that  no  longer  serve  a  meaningful  purpose  would 
appear  to  be  beneficial  by  reducing  flood  stages  and  damages  in  the 
immediate  vicinities  of  such  dams,  but  would  create  erosion  problems 
downstream  that  would  more  than  offset  the  benefits  gained. 

In  conclusion,  the  removal  of  dams  for  all  zones  was  considered  to  be 
an  inadequate  solution  for  solving  flood  problems  on  the  main  stem 
and  further  evaluation  was  deemed  unwarranted. 

b.  Diversion  of  Flood  Flows  -  Two  ba~ic  methods  could  be  used  as  an 
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effective  means  of  providing  flood  relief  to  high  risk  flood  prone 
areas.  One  would  involve  an  intrabasin  diversion  of  flood  flows  and 
the  other  an  interbasin  transfer. 

Based  on  a  preliminary  screening  damage  analysis  of  all  zones,  no 
intrabasin  scheme  appeared  viable  and  further  evaluation  was  deemed 
unwarranted. 

The  other  concept  involving  interbasin  transfer  of  flood  flows 
appeared  applicable  to  Zones  3  and  4  and  was  selected  for  further 
evaluation. 

-  A  relatively  high  head  could  be  developed,  thereby  reducing 
conveyance  size  and  project  costs.  A  diversion  would  be  located 
upstream  of  the  heavily  damaged  centers  and  could  provide  substantial 
flood  relief  to  flood  prone  areas  of  three  communities  with  minimal 
social  and  environmental  disruptions. 

-  Furthermore,  the  Diversion  would  be  in  close  proximity  to  Apponaug 
Cove  (a  tidal  estuary  of  Narragansett  Bay),  which  would  minimize  the 
effects  of  fluctuation  of  flood  flow  stages.  It  has  been  determined 
that  a  diversion  at  Zone  3  would  involve  greater  construction  costs 
and  would  result  in  more  environmental  and  social  harm.  Therefore,  a 
diversion  of  flood  flows  at  Zone  3  was  rejected  and  the  diversion  at 
Zone  4  was  reserved  for  further  evaluation. 

c.  Channel  Modification  -  The  final  stream  improvement  element  would 
consist  of  channel  modification  involving  a  rehabilitation  program 
for  improving  the  waterways.  The  methods  considered  included  channel 
widening,  deepening  and  elimination  of  abrupt  turns  and  oxbows  in 
numerous  main  stem  and  tributary  reaches. 

Channel  modification  on  tributary  zones  was  rejected  for  further 
evaluation  since  existing  damages  are  relatively  minimal  and 
unrelated  to  channel  modification.  Channel  modification  in  all  other 
zones  was  found  to  be  economically  and  hydraulically  impractical  for 
flood  stage  reductions  due  to  the  flat  hydraulic  gradient  of  the 
riverbed.  Furthermore,  such  improvement  would  not  produce  the  need 
for  floodwalls  and  dikes  for  containing  flood  flows.  The  single 
exception  would  be  the  need  for  channel  modification  should  a 
potential  local  protection  project,  such  as  a  wall  or  dike,  encroach 
significantly  upon  the  existing  cross-section  of  the  stream. 

Floodproofing  or  Relocation  -  As  flood  problems  within  Zones  1,  2,  3, 
4A  and  7A  were  determined  to  be  minimal,  no  further  evaluation  was 
required  in  those  zones.  For  the  remaining  zones,  floodproofing  or 
relocation  was  found  to  warrant  further  evaluation. 


2-24 


CONCLUSIONS 


The  results  of  the  Initial  screening  show  that  only  a  limited  number 
of  measures  meet  the  minimum  acceptable  plan  requirements.  The  No 
Action  program  and  all  regulatory  measures  were  retained  for  further 
analysis  in  all  zones  due  to  their  importance  in  preventing  or 
minimizing  future  flood  problems.  The  results  of  the  screening  are 
summarized  in  Table  2-5. 
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ADVANCED  SCREENING 


EVALUATION  OF  MEASURES 

The  ensuing  step  in  the  plan  selector  and  formulation  process 
entailed  refinement  of  individual  measures  that  passed  the  preceding 
initial  screening  test.  This  next,  phase  continued  with  a  more 
detailed  identification  of  the  measures  that  could  provide  an 
adequate  degree  of  protection  in  major  damage  areas  while  satisfying 
the  economic  criteria  previously  established  that  tangible  benefits 
must  exceed  economic  costs.  These  measures  were  evaluated  on  their 
own  merits,  that  is,  acting  alone.  Evaluation  combinations  of 
measures  was  reserved  for  the  subsequent  development  of  detailed 
plans  phase.  The  schematic  results  of  the  advanced  screening  are 
shown  in  Table  2-6. 

In  accordance  with  the  desires  of  local  interests,  the  first  element 
of  this  evaluation  process  centered  on  a  nonstructural  program.  By 
design,  this  program  would  involve  a  blend  of  both  regulatory  and 
corrective  measures.  Regulatory  measures  are  geared  to  minimizing 
future  flood  losses  by  controlling  and  restricting  future  development 
of  the  flood  plains.  As  such,  they  do  not  provide  an  effective  means 
of  reducing  flood  damages  caused  to  existing  bu hidings,  though  as  a 
measure  for  reducing  losses  to  contents  they  would  be  worthy  of 
further  merit. 

The  initial  nonstructural  approach  to  the  corrective  measures  would 
employ  a  floodproofing  technology  by  which  both  buildings  and 
contents  would  be  protected  to  1990  hydrologic  conditions — the  time 
frame  that  a  project  could  become  operable.  In  conformance  with  the 
stringent  regulations  established  under  the  National  Flood  Insurance 
Program,  the  minimum  level  of  protection  considered  allowable  would 
be  the  levels  anticipated  under  a  100-year  flood  event. 

As  the  objective  of  this  study  would  be  the  development  of  a  viable 
flood  management  program  for  relieving  present  and  future  flooding 
conditions,  the  nonstructural  program,  as  it  pertains  to  corrective 
measures,  would  be  the  initial  element  of  the  evaluation,  followed  by 
the  structural  program,  concluding  with  the  other  remaining  measures 
including  those  involving  future  action.  These  measures  are 
discussed  in  the  following  paragraphs. 

CORRECTIVE  NONSTRUCTURAL  MEASURES 

A  major  program  was  Initiated  for  this  phase  of  the  plan  formulation 
process.  It  involved  the  determination  of  the  first  floor  and  ground 
elevations  of  all  structures  that  would  be  damaged  by  an  event 
approaching  a  Standard  Project  Flood.  All  openings  were  sized  and 
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TABLE  2-6 

ADVANCED  SCREENING 


1  -L.JN  I1A.L# 

1 

1A 

2 

2A 

(2A-1+2) 

3 

4 

4A 

NO  ACTION  PROGRAM 

E 

E 

E 

E 

E 

E 

E 

REGULATORY  MEASURES  (ALL) 

E 

E 

E 

E 

E 

E 

E 

_ i 

CORRECTIVE  MEASURES 

Land  Treatment  Measures 

5 

5 

FA 

5 

5 

4 

4 

Reservoirs 

1 

5 

FA 

5 

1,2,  3 

1,2,  3 

1 

Walls  &  Dikes 

5 

1 

5 

1 

S 

1 

1 

Reservoir  Management  Program 

FA 

4 

FA 

4 

4 

5 

4 

Hurricane  Barriers 

6 

6 

6 

6 

6 

6 

6 

Stream  Improvement 

Removal  of  Dams 

5 

4 

4 

4 

5 

1,  3 

4 

Diversion  of  Flood  Flows 

4 

1 

4 

1 

2 

E 

1,  2 

Channel  Modification 

5 

5 

5 

5 

5 

1,3 

1,  3 

Flood  Proofing  or  Relocation 

5 

1 

5 

1 

5 

1 

1 

CRITERIA  APPLIED  DURING  SCREENING  DAMAGE  ZONES 


1.  Economically  Infeasible  North  Pranch - 1-1A 

2.  Engineeringly  Impractical  South  Branch - 2-2A 

3.  Socially  Unacceptable  Main  Stem - 3-8 

4.  Inadequate  Solution  Meshanticut  Brook - 4A-4B 

5.  No  Major  Needs  or  Problems  Pocasset  River -  6A-6B 

6.  Not  Applicable  Roger  Williams  Brook  -  7A-7B 
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,2,3  1 


1  -  I A 

2- 2A 

3- 8 

4A-4B 

6A-6B 

7A-7B 


ZONES 


4 

4A 

4B 

5 

6 

6A 

6b 

7 

7A 

7B 

8 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

1,2,3  1,2,3  1 


E 


1.2,  3 


2 

2 

1 

1 

1 

1 

LEGEND 


4 

4 

5 

5 

5 

4 

1 

1 

1,2.  3 

5 

2 

1,2,  3 

1 

1 

E 

5 

1 

E 

1 

4 

4 

1,  3 

4 

2,5 

6 

1,2,  3 

1.2,3 

6 

1.  2,  3 

1.2,3 

1.  3  1,  3 


A  (Step  2)  Screening  Further  Evaluation  Unwarranted 

#  (Step  3)  Screening  Further  Evaluation  Unwarranted 

E  Further  Evaluation  Warranted 

FA  Future  Action 

#  Further  evaluation  warranted  in  part  of  zone  in  Warwick. 


sill  elevations  taken  for  commercial  and  industrial  structures  within 
the  SPF  limits.  For  residential  structures  the  cellar  openings  were 
approximated,  but  only  for  those  within  the  100-year  flood  limits. 

The  nonresidential  structures  were  analyzed  individually  to  determine 
the  costs  of  the  corrective  nonstructural  measure.  Benefits  to  the 
various  measures  for  the  most  promising  structures  were  then 
calculated  and  the  traditional  BCR's  determined. 

A  computer  program  was  derived  to  provide  an  initial  screening  of  the 
residential  structures.  The  damage  figures  used  in  the  program  were 
based  on  past  damage  surveys  performed  by  this  division. for  various 
types  of  homes,  and  the  depth  damage  curves  developed  by  the  Federal 
Insurance  Administration.  Literature  search  plus  in-house  expertise 
have  resulted  in  the  following  list  of  criteria  that  were  to  be 
followed  for  this  program. 

Criteria  Applied  in  Floodproofing  Program 

a.  For  initial  analysis  unreinforced  concrete  walls  were  considered 
capable  of  withstanding  the  hydrostatic  pressures  of  a  3-foot  head 
differential  between  water  surfaces  on  either  side  of  the  wall 
without  collapsing. 

b.  Wood  frame  structures  cannot  be  floodproofed  above  the  sill. 

c.  Structurally  sound  buildings  can  be  raised  only  three  feet. 

d.  Where  depths  of  water  for  the  design  condition  exceed  the  heights 
of  a.  and  c.  above,  relocation  would  be  necessary. 

e.  Ring  wall  enclosures  were  considered  for  purposes  of  tying  a 
building's  wall  into  high  ground  only. 

f.  At  the  design  flood  conditions,  all  structures  that  could 
potentially  be  inundated  were  floodproofed  and/or  raised  if 
necessary,  even  though  only  nuisance  basement  flooding  would  occur. 

g.  The  drag  line  effect  (the  difference  in  water  levels  due  to 
passage  of  flows  through  soil)  was  not  considered  in  this  phase  of 
analysis.  There  are  too  many  variables  such  as  soil  permeability, 
drainage  nets  or  patterns,  condition  of  the  concrete  slab  and  wall, 
the  tightness  of  any  joints  or  seams  etc.,  to  accurately  predict  the 
true  effects. 

h.  Uplift  pressures  were  not  considered. 

With  this  above  criteria,  an  economic  analysis  of  the  lower  main  stem 
(Zones  3  to  8  including  backwater  reaches)  was  conducted  to  determine 
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the  viability  of  floodproofing.  Costs  were  developed  for  all 
structures  for  two  levels  of  flooding,  namely  the  Standard  Project 
Flood  and  the  100-year  flood. 

Results  of  this  analysis  are  tabulated  by  category  in  Table  2-7  and 
by  conununity/category  in  Table  2-8.  These  tables  represent  total 
costs  of  floodproofing  structures  in  the  flood  hazard  areas  under 
existing  conditions.  The  requirements  of  floodproofing  would  involve 
a  cost  sharing  between  the  Federal  Government  and  the  property  owner 
which  are  established  and  Section  7.3b  of  the  1974  Water  Resources 
Development  Act.  The  costs  to  non-Federal  interests  are  not  to 
exceed  20  percent  of  the  total  projects  first  cost.  The  number  of 
affected  structures  in  the  tables  represent  ownerships  which  could 
include  a  complex  of  structures  such  as  a  manufacturing  concern  or 
commercial  plaza.  Thus  the  Warwick  Mall  and  Ciba  Geigy  are  handled 
in  these  tables  as  constituting  only  one  structure  each. 

The  costs  noted  in  both  tables  also  include  the  costs  associated  with 
relocation  of  structures.  At  the  Standard  Project  Flood  level, 
approximately  616  structures,  equivalent  to  33  percent  of  the  total 
aumber  of  structures  located  in  the  SPF  flood  area,  would  have  to  be 
relocated.  Eighty-three  of  these  structures  represent  commercla]  or 
industrial  establishments  employing  in  excess  of  5,700  people.  At 
the  100-year  flood  level,  approximately  26  structures  would  have  to 
be  relocated,  of  which  14  are  commercial  or  industrial  firms 
employing  about  2,500  people. 

Although  floodproofing  measures  would  be  considered  only  to  the  100- 
year  flood  event,  cost  reflecting  the  Standard  Project  Flood 
condition  were  derived  as  a  means  of  demonstrating  an  order  of 
magnitude. 

It  is  evident  from  the  figures  shown  in  Table  2-7  where  the  Benefit 
to  Cost  ratios  for  the  100-year  and  the  Standard  Project  Flood  are 
.10  and  .04  respectively,  that  this  alternative  as  a  total  system  is 
not  economically  feasible.  While  it  would  allow  portions  of 
riverbank  to  be  converted  to  a  greenbelt  area,  the  social 
ramifications  would  be  significant — as  about  65  homes  would  have  to 
be  either  raised  or  relocated  at  a  100-year  flood  event.  In 
addition,  18  industrial  and  commercial  establishments  would  have  to 
be  relocated,  resulting  in  the  direct  loss  of  over  100  jobs.  At  the 
Standard  Project  Flood  analysis,  although  more  theoretical,  the 
losses  are  much  more  significant.  Table  2-9  lists  these  relocations 
by  major  land  use  category. 

The  benefit  to  cost  ratio  for  single  structures  was  also  analyzed  for 
those  that  had  high  losses  and/or  low  corrective  costs.  It  was 
determined,  with  the  aid  of  the  computer  program  for  residential 


2-29 


TABLE  2-7 
FLOODPROOFING  - 
COSTS  AND  AFFECTED  OWNERSHIPS 
(By  Category) 


1978 

CONDITIONS  AND 
ALL  VALUES  x 

PRICE  LEVELS 
$1,000 

Category 

100-Year  Flood 

Standard 

Project  Flood 

# 

Value 

# 

Value 

Commercial 

42 

17,000 

82 

115,130 

Industrial 

23 

36,280 

40 

120,650 

Residential 

393 

3,660 

1,076 

44,020 

Public 

5 

150 

11 

3,490 

Schools 

2 

80 

5 

3,350 

Others 

6 

290 

12 

7,510 

TOTAL 

471 

$57,480 

1856 

$294,170 

Amortized  over  a 
year  life 

6-5/8  *  .069078 
Annual  Benefits 

50 

$3,971 

380* 

$20,321 

760* 

Approx.  Benefits  to 
Relocated  Structures 

90 

820 

B/C  Ratio 

.10 

.04 

*  Excludes  benefits  to  relocated  structures,  (equal  to  approxi¬ 
mately  $88,000  and  $820,000  for  100  year  and  SPF  flood  respectively), 
nonphysical  losses,  exterior  losses,  roads  and  utilities. 
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TABLE  2-8 
Floodproofing  - 
Costs  and  Affected  Ownerships 
(By  Category  and  Community) 


Community/ 

Category 

100- 

-Year  Flood 

Standard 

Project  Flood 

# 

• 

$1,000 

l 

$1,000 

WARWICK 

Commercial 

21 

15,000 

44 

104,600 

Industrial 

13 

17,090 

19 

40,380 

Residential 

146 

1,470 

570 

17,050 

Public 

2 

70 

2 

1,29  0 

Schools 

0 

0 

0 

0 

Others 

3 

60 

4 

2,120 

TOTAL  WARWICK 

185 

$33,690 

639 

$165,440 

CRANSTON 

Commercial 

11 

1,130 

27 

8,300 

Industrial 

6 

18,810 

16 

79,200 

Residential 

206 

1,220 

1,083 

23,930 

Public 

2 

40 

8 

1  ,710 

Schools 

1 

50 

2 

1,180 

Others 

2 

220 

5 

4,540 

TOTAL  CRANSTON 

228 

$20,450 

1,141 

$118,860 

WEST  WARWICK 

Commercial 

10 

890 

11 

2,230 

Industrial 

4 

370 

5 

1,100 

Residential 

41 

980 

53 

3,040 

Public 

1 

50 

1 

490 

Schools 

1 

40 

3 

2,160 

Others 

1 

10 

3 

850 

TOTAL 

WEST  WARWICK 

58 

$2,340 

76 

$9,870 

TOTAL 

471 

$56,480 

1,856 

$294,170 
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TABLE  2-9 


Commercial 


Residential 


Industrial 


TOTAL 


NONSTRUCTURAL  CORRECTIVE  MEASURES  ANALYSIS 
RELOCATION  REQUIRED  BY  CATEGORY  AND  ZONE 


Zone  lOO-Yr  Flood  Standard  Project  Flood 


4 

5 

6 

7 

8 


2 

1 

4 

1 


26 

3 

10  • 

4 
6 


4 

5  0 

6 

7  12 

8 


216-175  in  Meshanticut  River 
0 

159-150  in  Pocasset  River 
142 


4 

5 

6 

7 

8 


1 

1 

3 


8 

9 

4 

3 

9 


4 

5 

6 

7 

8 


3 

2 

7 

13 

0 


250 

12 

173 

149 

15 
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structures  and  individual  analysis  for  nonresidential ,  that  only 
several  homes  in  the  basin  were  considered  marginally  feasible  for 
floodproofing.  It  was  then  decided  that  if  the  conservative 
evaluation  criteria  was  analyzed  structurally  the  unreinforced 
concrete  walls  would  fail  at  a  much  lower  head  differential  and  that 
this  buoyancy  effect  would  probably  result  in  all  floodproofed  homes 
floating  away.  Thus  further  evaluation  as  a  single  purpose  Federal 
project  was  terminated. 

In  summation,  floodproofing  measures  acting  as  entities  by  themselves 
would  not  satisfy  the  benefit-cost  criteria.  When  combined  in  a 
system  with  other  measures,  such  as  the  structural  program,  they 
could  conceivably  be  a  valuable  asset  to  the  flood  management  plan 
for  the  basin.  Such  alternative  considerations  were  evaluated  in  the 
detailed  plan  phase. 

STRUCTURAL  PROGRAM 

As  previously  discussed,  flood  losses  occur  principally  in  the 
heavily  urbanized  areas  located  along  the  lower  end  of  the  main 
stem.  The  most  economical  methods  of  containing  these  floodwaters  to 
either  reduce  flood  stages  and/or  alleviate  flooding  conditions  would 
appear  to  be  local  protective  works  involving  a  system  of  dikes, 
walls  and  channel  modification,  or  diversion  of  flood  flows. 

The  first  element  in  this  evaluation  process  concerned  a  local 
protective  plan  consisting  of  Preliminary  Plan  A  and  A-l.  Prelim¬ 
inary  Plan  A  would  provide  flood  protection  equivalent  to  the  Stand¬ 
ard  Project  Flood  (SPF)  level  and  Preliminary  Plan  A-l  for  the  100- 
year  flood  even*..  These  plans  would  establish  a  range  of  values  for 
determining  maximization  of  net  tangible  economic  benelits.  In 
addition,  the  minimum  level  would  also  be  employed  in  comparing 
results  of  the  structural  with  those  of  the  nonstructural  program 
involving  floodproofing  measures.  In  providing  the  required  degree 
of  protection,  Plan  A  would  require  13  individual  local  protection 
projects;  seven  of  which  would  be  located  in  Warwick,  five  in  Cran¬ 
ston  and  one  in  Wesc  Warwick.  In  total,  the  plan  would  require 
39,300  linear  feet  of  dikes,  23,400  linear  feet  of  floodwalls  and 
7,700  linear  feet  of  channel  modification,  plus  provisions  for 
temoorary  closures  of  railroad  and  highway  openings  at  21  locations. 
In  addition  to  the  normal  pumping  facilities  for  controlling  the 
interior  drainage  systems  during  flood  stages,  a  major  pumping 
station  at  the  outlet  of  Meshanticut  Brook  would  also  complement  the 
plan.  Respective  pertinent  data  together  with  a  general  layout  of 
Plan  A  are  shown  in  Table  2-10  and  Plate  2-2. 

The  preliminary  project  cost  of  Preliminary  Plan  A  would  be  $38.0 
million.  With  costs  converted  to  an  annual  charge  and  weighed 
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PERTINENT  DATA  -  PRELIMINARY  PLAN 
S.P.F.  --  NATURAL  CONDITIONS 

Normal  CONCRETE  FLOOD  WALLS1  EARTH  DIKES1  CATE  Cl.OSl'RES 

Floyd  W.S.  Average  Maximum  Average  Maximum  Channel 

Profecc  Elevation  Elevation  ,  Height  Height  Length  Height  Height  Length  Modification 

Name  m.  a.  1 .  *  a.  a.  1 .  1  Vet  "*  Feet Feet  Feet  Feet Feet  Feet  Length  (ft)  Set  a  Type 


WARWICK 


21.0 

5.5 

15.5 

2-Vehiiuiar 

Warwick  Ave. 

to 

to 

to 

13 

18 

2400 

15 

20 

4400 

1000 

3 

] -Pedest  r ian 

26.  3 

6.0 

20.  3 

27.0 

6.2 

20.8 

Elmwood  Ave. 

to 

to 

to 

13 

12 

500 

15 

18 

4400 

0 

1 

Vehicular 

29. S 

7.4 

22. 1 

Jl.  1 

9.  1 

2  1.8 

Jefferson  Park 

to 

to 

to 

16 

16 

200 

15 

20 

2700 

2400 

None 

11.7 

12.0 

21.7 

jj.a 

14.6 

19.2 

Bulova 

to 

to 

to 

0 

0 

0 

11 

14 

1200 

0 

None 

11.9 

15.1 

18.8 

Warwick  Sewage 

11.9 

15.  3 

18.6 

Treatment  Plant 

to 

to 

t.. 

0 

0 

0 

14 

17 

2500 

0 

None 

34.1 

16.6 

17.6 

I'pper  Warwick 

37.4 

18.  1 

19.  1 

18 

:: 

1000 

15 

19 

1600 

3 

Sandbags 

Norther  2v 

to 

to 

to 

and 

and 

and 

and 

and 

and 

0 

Bank 

45.1 

27.1 

18.0 

15 

19 

3000 

20 

21 

1800 

1 

Vehicular 

I'pper  Warwick 

44.  1 

26.2 

17.9 

1 

Vehicular 

Southerly 

to 

to 

to 

10 

12 

3800 

15 

21 

3800 

0 

Bank 

46 . 4 

28.2 

18.2 

1 

Railroad 

WEST  WARWICK 

45.4 

27.6 

17.8 

I 

Rai  I  road 

West  Warwick 

to 

to 

to 

16 

16 

1800 

16 

20 

2400 

0 

46.4 

:a.  7 

17.7 

1 

Vehicular 

CRANSTON 

19.  7 

5.8 

13.9 

Rhodes 

to 

to 

to 

18 

18 

2200 

15 

20 

900 

0 

None 

20.  7 

5.9 

14.8 

21.5 

6.0 

15.5 

3 

Vehicular 

Cranston 

to 

to 

to 

13 

29 

4700 

12 

19 

6100 

0 

31.0 

7.9 

23.1 

1 

Pedest  r lan 

33.  5 

11.5 

20.0 

I'pper  Cranston 

to 

to 

to 

10 

13 

2100 

18 

20 

1000 

0 

None 

33.8 

13.4 

20.4 

Pocasset  River 

33.0 

10.8 

22.2 

l 

Vehicular 

Weater 1 v 

to 

to 

to 

16 

24 

900 

12 

20 

600 

0 

Bank 

33.0 

12.5 

20.5 

1 

Railroad 

Pocasset  River 

33.0 

10.8 

22.2 

16 

20 

2 

Vehicular 

Easterly 

to 

to 

to 

14 

16 

800 

and 

and 

5900 

4  300 

Bank 

33.0 

23.0 

10.0 

8 

12 

1 

Rail  road 

TOTALS 

23,400 

39,300 

7,700 

4.4  ml. 

7.4  mi. 

1.5  mi. 

1  Dimensions  as  observed  from  the 

land side 

‘  portion  to  the 

top 

of  the  protective  works. 

2  Indicates  the  range 

of  expected 

height  s 

of  flood  waters. 

1  Indicates  the  range 

of  normal  river  elevations. 

4  Indicates  a  range  of 

the  depth  < 

>f  flood 

waters  above  normal 

river  stages. 

lO  . 


/  >V 


aa,\.  ' 


..cr  \  ■ 

\ 


Js'poho  PROVIDENCE 

W^r,n  ' 


.  '£^  |  , 
£  A-' 


•r'r  *  \  1  '■  i  '--A 


I  >* 


0  pQSSj 


% 


>1-  V..r  •  /  .■  x,.A 

A  , '  :  •  *7 


RHODE  ISLAND 
yacht  club 


-f*°gO£HCE  CO 

KFNTWr*  r 


Av 


>,  I  (’ 


j  !  LEGEND 


- C7//  or  County  Boundary  Line 

■  - Town  Boundary  Line 

-ja  Municipal  Sewage  Treatment  Facility 

%  U  S -6  S  Gaging  Station 

■  - -  Tributaries 

Ponds  or  Major  Rivers 
*.\  a  .a  Local  Protection  Projects 


/  -°/i7/7  troced  from  on  enlargement  of  United  States 
Geological  Survey  (U  S  G  S  )  Quadrangle  Mops 
of  Providence  and  East  Greenwich  Rhode  Island 
with  appropriate  revisions 
2  Only  commercial  and  industrial  buildings  having 
a  bearing  on  project  report  are  shown 
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against  the  derived  benefits,  the  plan  as  a  system  is  not 
economically  justified.  By  evaluating  individual  segments  of  the 
plan,  two  local  protection  projects,  Warwick  Avenue  and  the  Bulova 
Complex  have  benefit-cost  ratios  that  exceed  unity.  A  third  project, 
Elmwjod  Avenue,  is  being  retained  for  further  detailed  analyses 
because  of  the  high  frequency  of  flooding,  the  number  of  homes 
subject  to  inundation,  the  water  quality  degradation  and  public 
health  aspects  of  having  this  area,  all  with  septic  tank  disposal 
systems,  inundated,  and  the  high  degree  of  local  support  for  any 
degree  of  assistance  in  this  scheme. 

Preliminary  Plan  A-l  would  entail  the  same  number  of  projects  at 
identical  locations  for  the  same  communites,  but  for  a  lower  level  of 
flood  protection.  In  total,  the  plan  would  include  25,800  linear 
feet  of  dikes,  16,500  linear  feet  of  concrete  walls  and  3,300  feet  of 
channel  modification.  Considerations  for  temporary  closures  of 
railways  and  highway  openings  would  be  required  for  Plan  A.  A 
general  layout  of  this  alternative  plan  is  shown  on  Plate  2-3,  with 
pertinent  data  appearing  in  Table  2-11. 

The  total  project  cost  of  Preliminary  Plan  A-l  would  be  $30 
million.  Even  with  this  lesser  degree  of  flood  protection  at  a  lower 
stage  level,  the  Preliminary  A-l  plan  would  be  economically 
unjustified.  Segmenting  the  plan  into  individual  components,  and 
including  economic  growth  factors,  the  two  same  local  protection 
projects,  Warwick  and  the  Bulova  Complex  would  be  economically 
justified.  Elmwood  Avenue  project  again  is  being  retained  because  of 
the  Social  and  Environmental  aspects. 

Comparison  of  costs,  annual  charges  and  benefits  pertaining  to  the 
total  plan  and  justified  segments  of  both  Preliminary  Plans  A  and  A-l 
are  shown  in  Table  2-12.  These  costs  are  exclusive  of  the  pumping 
stations,  lands  and  damages,  and  are  only  preliminary  based  on  a 
minimum  acceptable  dike  and  wall  cross  sections.  These  costs  are 
based  on  preliminary  1973  materials  costs  and  updated  to  1978 
levels.  It  is  important  to  note  that  these  wall  and  dike  costs 
cannot  be  compared  to  the  more  detailed  project  costs  derived  later 
in  this  section.  For  example,  the  Warwick  Avenue  project  listed  in 
Table  2-12  costs  $5.2  million.  Under  a  more  detailed  set  of  design 
conditions  including  foundation  and  material  analyses,  the  cross 
sections  were  significantly  changed.  The  resultant  cost  was  over  $13 
million,  or  an  increase  of  over  250  percent. 

As  noted  in  Appendix  l,  a  flood  control  survey  report  prepared  by  the 
Corps  in  1939  led  to  1941  authorization  of  a  flood  control  plan  for 
the  basin.  Part  of  the  plan  entailed  a  gated  diversion  plan,  known 
as  the  Pontiac  Diversion,  that  would  divert  floodwaters  from  the  main 
river  generally  southward  through  a  diversion  channel  that  would 
discharge  at  the  head  of  the  inner  basin  at  Apponaug  Cove,  the 
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TABLE  2-22 


PERTINENT  DATA  -  PRELIMINARY  PLAN 
100-YEAR  FLOOD  —  NATURAL  CONDITIONS 


Project 

Name 

Flood 

Elevation 

Normal 

W.S. 

Elevation 

asl5 

Feet^ 

CONCRETE  FLOOD  WALLS1 2 3 4 

EARTH  DIKES 

1 

Channel 

Modif  icatioii 
Length  (ft) 

CATE 

CLOSURES 

Average 

Height 

Feet 

Maximum 

Height 

Feet 

Length 

Feet 

Average 

Height 

Feet 

Maximum 
He  ight 
Feet 

Length 

Feet 

Sets 

Type 

WARWICK 

13.8 

5.5 

8.3 

Warwick  Ave 

to 

to 

to 

6 

10 

2400 

7 

11 

3400 

1000 

2 

Vehicular 

17.5 

5.9 

9.6 

18.8 

6.2 

12.6 

Elmwood  Ave 

to 

to 

to 

6 

7 

500 

7 

10 

4400 

0 

1 

Vehicular 

20.5 

7.3 

13.2 

22.8 

9.9 

12.9 

Jefferson  Park 

to 

to 

to 

6 

6 

200 

6 

10 

2400 

2300 

None 

23.4 

12.0 

11.4 

25.2 

14.6 

10.6 

Bulova 

to 

to 

to 

0 

0 

0 

5 

7 

1000 

0 

None 

25.4 

15.1 

10.7 

Warwick  Sewage 

25.5 

15.3 

10.2 

Treatment  Plant 

to 

to 

to 

0 

0 

0 

7 

9 

2300 

0 

None 

26.3 

16.3 

10.0 

Upper  Warwick 

29.0 

18.3 

10.7 

10 

14 

1000 

Northerly 

to 

to 

to 

and 

and 

and 

8 

12 

1000 

0 

None 

Bank 

33.8 

25.9 

7.9 

10 

12 

1100 

Upper  Warwick 

36.7 

27.0 

9.7 

Southerly 

to 

to 

to 

4 

5 

1400 

8 

11 

3100 

0 

1 

Vehicular 

Bank 

38.0 

28.8 

9.2 

WEST  WARWICK 

37.0 

27.6 

9.4 

West  Warwick 

to 

to 

to 

7 

7 

1700 

7 

10 

2400 

0 

1 

Vehicular 

37.9 

28.7 

9.2 

CRANSTON 

13.7 

5.8 

7.9 

Rhodes 

to 

to 

to 

10 

10 

1800 

7 

12 

700 

0 

None 

14.7 

5.9 

8.8 

16.7 

6.0 

10.7 

Cranston 

to 

to 

to 

8 

14 

4500 

9 

13 

3800 

0 

3 

Sandbags 

22.3 

7.6 

14.7 

23.4 

12.9 

10.5 

Upper  Cranston 

to 

to 

to 

6 

8 

900 

0 

0 

0 

0 

None 

23.9 

13.4 

10.5 

Pocasset  River 

23.0 

10.8 

12.2 

Westerly 

to 

to 

to 

12 

14 

800 

6 

10 

400 

0 

2 

Sandbags 

Bank 

23.0 

12.5 

10.5 

Pocasset  River 

23.0 

10.8 

12.2 

Easterly 

to 

to 

to 

5 

8 

200 

8 

10 

900 

0 

None 

Bank 

23.0 

12.0 

11.0 

TOTALS 

16,500 

25,800 

3,300 

3.1  ml 

4.9  mi 

0.6  ml 

1  Dimensions  as  observed  from  the  landslde  portion  to  the  top  of  the  protective  works. 

2  Indicates  the  range  of  expected  heights  of  flood  waters. 

3  Indicates  the  range  of  normal  river  elevations. 

4  Indicates  a  range  of  the  depth  of  flood  waters  above  normal  river  stages. 
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protection  projects  only  those  controlling 
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4  As  the  protective  enclosure  foils  within 
the  freeboard  range ,  sandbags  placed  as 
shown  during  a  flood  emergency  would 
provide  the  necessary  protection 
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Annual  charges  and  benefits  are  based  on  an  Interest  rate  of  6  and  7/8  percent  (the  prevailing  rate  at  the  tine  of  the  economic  evaluation)  and  on  1976 
dollars  and  then  updated  to  September  1978  dollars. 


ECONOMIC  ANALYSIS  FOR  PRELIMINARY 


northwestern  arm  of  Greenwich  Bay.  Due  to  lack  of  local  assurances 
in  cost  sharing,  the  project  remained  in  limbo  until  its 
authorization  expired  in  1951. 

Present  evaluation  of  a  new  proposal  would  accomplish  substantially 
the  same  function.  However,  the  proposal  would  entail  a  variation  in 
alignment  with  a  totally  new  concept  for  the  intake  channel.  This 
proposal  would  also  retain  its  identification  as  Pontiac  Diversion. 

The  Pontiac  Diversion  is  shown  on  Plate  2-4  and  would  consist  of 
three  components — intake  structure,  outlet  works  and  the  actual 
tunnel-channel.  Four  different  diversion  alignments  were  analyzed. 
However,  all  had  the  same  intake  channel  and  the  outlet  works  into 
the  head  of  Apponaug  Cove.  The  intake  channel  requirements  have 
changed  significantly  since  the  prior  study.  Route  95,  295  and  the 
Warwick  and  Midland  Malls  have  all  been  built  in  the  immediate  area 
of  the  intake  structure.  Because  of  the  height  requirements  of  the 
control  dam,  significant  portions  of  the  above  areas  will  be 
inundated  whenever  the  diversion  operates.  This  would  necessitate 
that  a  system  of  walls  and  dikes  be  constructed  to  protect  these  new 
areas.  The  dikes  and  walls  would  be  about  17  feet  high  and  cover  a 
length  of  over  17,500  feet.  In  addition,  3,200  feet  of  channel 
modification,  five  closures  for  highway  and  railroad  openings  and  a 
massive  pumping  station  to  control  flows  from  Meshanticut  Brook  would 
be  required. 

The  outlet  works  would  be  located  at  Hardig  Brook,  just  north  of 
Route  1  in  its  tidal  range.  Such  construction  would  necessitate 
possible  major  modifications  to  the  Route  1  bridge,  the  shoreline  of 
the  upper  cove,  and  the  railroad  bridge  underpass,  about  1,000  feet 
south  of  this  location. 

Both  Alignments  A  and  B,  with  respective  lengths  of  10,400  and  10,200 
feet,  would  involve  two  segments  consisting  of  a  reinforced  concrete 
open  channel  joined  by  a  concrete  lined  tunnel  constructed  by  a  "cut 
and  cover"  method.  Both  alignments  would  now  require  extensive  land 
taking  with  a  minimum  number  of  10  homes  requiring  relocation  or 
acquisition. 

Alignment  C  would  entail  a  diversion  route  through  Gorton  Pond  where 
massive  control  gat  s  would  be  provided  to  regulate  subsequent 
discharges  into  Apponaug  Cove.  This  alignment  would  have  a  net 
length  of  6,600  feet  (exclusive  of  Gorton  Pond)  and  would  consist  of 
an  open  channel  with  reinforced  concrete  walls.  Substantial 
acquisition  of  prime  land  and  a  minimum  of  eight  residential  or 
commercial  buildings  would  be  required. 
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o  bearing  on  protect  report  are  shown 

3  Although  pumpmg  stations  are  required  with  the 
diversion  project  only  one  controlling  a  major 
interior  drainage  area  is  shown . 
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The  water  quality  of  the  Pawtuxet  River  at  the  point  of  the  diversion 
is  officially  classified  as  "Class  C."  However,  recent  studies 
indicate  that  the  quality  is  significantly  lower  due  mainly  to  a  high 
concentration  of  coliform  bacteria.  As  the  floodwaters  would  be 
diverted  through  Gorton  Pond,  a  local  recreation  area,  having  Class  B 
waters,  significant  additional  adverse  environmental  degradation  can 
be  expected  to  occur.  Because  of  the  relocations,  the  new  intake 
channel  requirements  and  the  environmental  harm,  this  alignment  was 
also  eliminated  from  further  study. 

Alignment  D,  considered  to  be  most  suitable  for  the  diversion 
proposal,  would  consist  of  an  8,000-foot  long,  reinforced  concrete 
lined  tunnel  driven  through  bedrock.  As  the  quantity  of  flood  flows 
to  be  diverted  would  be  proportional  to  the  head  differential 
developed  between  the  intake  and  outlet,  and  to  the  cross-sectional 
area  of  the  tunnel,  various  tunnel  diameters  under  different  heads 
were  developed. 

Rock  excavation  costs  for  tunnel  diameters  ranging  from  20  to  35  feet 
were  evaluated  by  a  computer-cost  analysis  program  (COSTUN)  and 
results  combined  with  costs  of  related  features  of  the  intake 
channel. 

The  minimum  costs  for  the  above  alignments  would  exceed  $70  million 
based  on  1972  valuations  for  construction  material  and  relocation 
costs.  Converted  annually,  this  would  amount  to  about  $5.5 
million.  In  addition  to  these  high  costs,  significant  social 
Impacts,  opposition  by  local  interests  and  a  high  degree  of 
environmental  degradation  resulted  in  all  four  alignments  being 
dropped  from  further  analyses. 

An  alternative  to  the  Pontiac  Diversion  proposals  was  also  studied. 
This  alternative,  with  its  intake  located  about  10,000  feet  further 
upstream,  was  called  the  Natick  Diversion  due  to  its  proximity  to  the 
Natick  Dam.  It  would  direct  excess  main  stem  flows  through  a  driven 
rock  tunnel  from  a  point  in  the  river  located  immediately  downstream 
from  the  existing  Natick  Dam  to  an  outfall  in  the  middle  of  Apponaug 
Cove. 

This  scheme  would  provide  substantial  flood  protection  to  existing 
developments  in  downstream  communities.  It  would  be  able  to  divert 
floodwaters  at  a  lesser  cost  due  to  the  elimination  of  the  walls  and 
dikes,  as  well  as  reduced  real  estate  costs  due  to  elimination  of  the 
need  to  take  any  homes.  Its  alignment  is  shown  on  Plate  2-5. 

In  determining  preliminary  cost  estimates  of  the  Natick  Diversion 
proposal,  a  computer  cost  analysis  program  (COSTUN)  for  tunnels  was 
utilized.  Methods  involving  conventional  drilling  and  blasting,  and 
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a  mechanical  mole  for  four  tunnel  sizes  ranging  from  20  to  33  feet  in 
diameter  with  reduction  in  flows  from  5,000  cfs  to  18,500  cfs  were 
analyzed,  it  was  determined  that  most  of  the  tunnel  diameters 
considered  were  economically  justified.  All  justified  plans  were 
held  in  abeyance  for  further  analysis  in  the  development  of  detailed 
plans. 

FUTURE  ACTION 

In  order  to  strengthen  the  flood  management  program  and  provide  long- 
range  solutions  to  the  problems  and  needs  of  the  study  area,  it  will 
be  essential  to  have  the  cooperation  of  ail  flood  prone  communities, 
concerned  State  agencies  and  other  interested  parties.  Such  an 
opportunity  exists  in  the  consideration  of  the  three  remaining 
corrective  measures  noted  in  Table  2-5,  namely,  reservoir 
construction  with  emphasis  directed  to  the  State-proposed  Big  River 
Reservoir  project,  reservoir  management  and  land  treatment 
measures.  At  this  stage  of  the  plan  formulation  efforts,  these 
measures  were  considered  to  be  future  action  (FA)  programs 
implementable  by  local  interests. 

The  management  and/or  regulation  of  two  reservoirs  (the  existing 
Scituate  and  the  proposed  Big  River  Reservoirs  in  Zones  1  and  2, 
respectively)  to  reduce  peak  flood  discharges  and  resulting  damages 
could  be  an  integral  part  of  the  flood  management  program.  One  of 
the  basic  elements  in  such  a  complementary  reservoir  management 
program  would  be  providing  additional  floodwater  storage  at  Big  River 
Reservoir  together  with  a  change  in  mode  of  operation  at  Scituate 
Reservoir. 

The  Southeastern  New  England  (SENE)  comprehensive  study  recommended 
early  construction  of  the  Big  River  Reservoir  as  a  potential  water 
supply  for  the  Providence  Metropolitan  area.  It  was  previously  under 
preliminary  design  by  the  Rhode  Island  Water  Resources  Board  as  a 
single  purpose  water  supply  reservoir. 

As  a  future  action,  consideration  should  be  given  to  Increasing  the 
height  of  the  proposed  dam  by  a  small  increment,  by  approximately  2.5 
feet  to  provide  additional  flood  protection  to  downstream  areas, 
particularly  the  South  Branch.  This  increased  height  would  provide 
about  9,500  acre-feet  of  flood  control  storage,  equivalent  to  about  6 
inches  of  runoff  from  a  drainage  area  of  29.7  square  miles,  at  a 
minimum  cost  and  minimum  increase  in  environmental  impact. 

Additional  flood  storage  at  Scituate  Reservoir  would  serve  only  to 
reduce  the  required  size  of  downstream  structures,  rather  than 
eliminate  the  need  for  them.  Also  the  costs  providing  added  storage 
at  Scituate  were  found  to  be  greater  than  the  corresponding  increases 
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in  the  size  of  downstream  projects.  Therefore,  no  further  considera¬ 
tion  was  given  to  adding  flood  storage  at  Scituate  Reservoir. 

However,  some  additional  flood  control  protection  might  be  obtained 
through  an  optimum  system  operation  of  Big  River  and  Scituate 
Reservoirs.  This  could  be  accomplished  by  developing  a  mode  of 
operation  whereby  storage  could  be  drafted  prior  to  predictable 
refill  periods,  thereby  minimizing  unnecessary  spillage  while 
providing  incidental  flood  control  storage,  and  needed  downstream 
flow  augmentation.  As  Scituate  Reservoir  will  eventually  be  operated 
as  a  system  with  Big  River  Reservoir,  an  arrangement  and  agreement  to 
optimize  the  vast  water  resource  of  both  systems  should  be  explored 
as  a  future  action,  either  prior  to  or  following  the  construction  of 
Big  River  Reservoir  with  action  implementable  by  local  interests. 

Presently,  Scituate  Reservoir  operates  solely  as  a  water  supply 
system  with  its  storage  capability  being  cautiously  maintained  at  its 
maximum  level  whenever  possible.  Consequently,  its  present  value  as 
a  flood  control  impoundment  is  unreliable.  Undoubtedly,  its 
potential  for  providing  incidental  flood  control  storage  will 
continue.  However,  with  a  reservoir  management  program  forming  a 
future  increment  of  a  flood  management  plan  for  the  basin,  provision 
for  a  change  in  mode  of  operation  and  provision  for  substantial 
floodwater  storage  at  Big  River  Reservoir  would  be  in  the  best 
interest  of  downstream  communities.  Such  a  plan  of  operation  at 
Scituate  would  not  necessarily  infringe  on  the  firm  domestic  water 
supply  of  the  system  but  would  optimize  the  overall  system  operation 
in  the  best  interests  of  the  general  public. 

The  primary  objective  of  land  treatment  measures  as  a  future  action 
for  Big  River  Reservoir  would  simply  be  to  alert  the  proper 
authorities  concerning  erosion  and  sediment  problems  which  could 
occur  with  construction  of  the  Big  River  Reservoir.  Control  of 
erosion  associated  with  construction  activities  should  be  an 
imperative  prerequisite  to  any  land  and  water  resource  management 
program.  Erosion  control  measures  should  be  coordinated  with  on¬ 
going  Soil  Conservation  Service  programs  of  the  U.S.  Department  of 
Agriculture. 

CONCLUSION 


The  results  of  the  advanced  screening  phase  are  shown  in  Table  2-6 
and  are  summarized  in  the  following  paragraphs. 

The  nonstructural  corrective  measure  of  floodproofing  was  found  to  be 
economically  infeasible  for  Federal  involvement  as  a  single  action 
program.  However,  it  was  retained  for  further  consideration  as  a 
supplement  to  four  potential  structural  measures  (Natick  Diversion, 
Bulova  Local  Protection,  Warwick  Avenue  Local  Protection  and  Elmwood 
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Avenue  Local  Protection)  that  appeared  to  warrant  further  considera¬ 
tion.  The  corrective  measures  of  reservoir  management  for  Zones  1 
and  2,  provision  for  floodwater  storage  at  the  proposed  3ig  River 
Reservoir  for  Zone  2,  and  land  treatment  measures  during  the 
construction  of  Big  River  Reservoir  were  retained  as  a  Future  Action 
program,  implementable  by  local  interests. 

The  No  Action  and  regulatory  measures  programs  were  also  retained  for 
further  analysis  for  all  zones.  By  their  nature,  these  programs  are 
ineffective  in  reducing  flood  losses  to  existing  flood  plain 
development,  but  they  may  be  used  to  prevent,  or  control  future 
development.  Both  programs  were  retained  for  further  consideration 
as  supplements  to  specific  corrective  measures. 

DETAILED  ANALYSES  OF  THE  SINGLE  PURPOSE  ALTERNATIVES 

From  the  previous  iteration,  five  independent  corrective  measures 
were  selected  for  more  in-depth  analyses.  This  phase  would 
necessitate  detailed  cost  estimates  for  all  measures  as  well  as  more 
definitive  hydrologic  studies  and  economic  growth  projections. 
Corrective  nonstructural  measures  were  eliminated  in  the  previous 
analyses  because  they  failed  to  meet  the  benefit  to  cost  criteria 
necessary  for  Federal  involvement  or  participation.  Should  any 
interest  desire  to  floodproof,  raise  or  relocate  his  structure,  it  is 
recommended  that  they  obtain  all  necessary  elevations  and  technical 
criteria  from  this  office. 

Although  Federal  participation  in  other  regulatory  measures  is 
possible,  most  can  be  fully  accomplished  by  Instituting  and  enforcing 
the  provisions  of  the  Regular  Program  of  the  National  Flood  Insurance 
Program.  Strict  adherence  will  assure  that  the  zoning  requirements 
are  met  and  that  subdivisions  cannot  be  located  within  the  limits  of 
the  100-year  flood.  Minor  changes  in  building  codes  can  also  be 
effected,  resulting  in  further  protection  from  flooding. 

Detailed  analyses  of  each  single  purpose  measure  follows. 

WARWICK  AVENUE  LOCAL  PROTECTION 

From  the  intermediate  screening  phase  this  project  warranted  further 
evaluation  because  the  economic  benefits  exceeded  the  project 
costs.  A  reevaluation  was  conducted.  Based  upon  a  more  detailed  set 
of  design  considerations  a  new  cost  estimate  was  prepared  for  the 
Standard  Project  Flood.  Based  on  1975  price  levels,  the  estimated 
costs  as  shown  on  Table  2-13  are  $9  million.  Updated  to  reflect  1979 
price  levels  the  cost  is  $11,250,000  exclusive  of  the  non-Federal 
responsibilities. 


TABLE  2-13 

REASONABLE  CONTRACT  ESTIMATE  STD  PROJECT  FLOOD 
PAWTUXET  PROJECT  -  WARWICK  AVENUE  DIKE 
JULY  1975  PRICE  LEVELS 


Description 

Preparation  of  Site 

Control  and  Diversion  of  River 

Common  Excavation  (138,415) 

24"  Protection  Stone  (22,349) 

12"  Protection  Stone  (2,184) 
Protection  Stone  (10'wide)  (13,888) 
12"  Bedding  Stone  (10,995) 

Crushed  Stone  (10,323) 

12"  Gravel  Bedding  (17,173) 

Comp.  Gravel  Fill  (14,172) 

Comp.  Impervious  Fill  (35,189) 

Comp.  Random  Fill  (23,713) 

Comp.  Sand  Fill  (6,923) 

Comp.  Pervious  Fill  (47,753) 

Topsoil  (1,517 
Seeding  (9,102) 

Bituminous  Pavement  (1,088) 

Concrete  -  T  Walls  (5,551) 

Concrete  -  L  Walls  (1,721) 

Concrete  -  I  Walls  (276) 

Concrete  -  Street  Gate  (348) 
Concrete  -  Gravity  Wall  (668) 
Concrete  -  Pedestrian  Gate  (140) 
Concrete  -  R.R.  Gate  (260) 

Cement  (50,561) 

Reinforcing  Steel  (1,244,400)  1 

Structural  Steel  -  Street  Gate 
Structural  Steel  -  Pedestrian  Gate 
Structural  Steel  -  R.R.  Gate 
Steel  Sheet  Piling  (9,383) 

8"  BCCMP  (sub-drain)  (3,590) 

TOTAL  DIRECT  COST 

Interior  Drainage 
Pumping  Stations 


Es  timated 

Unit 

Es  timated 

Quantity 

Unit 

Price 

Amount 

1 

Job 

L.S. 

20,000 

1 

Job 

L.S  . 

100,000 

138,400 

C.Y. 

4.00 

553,600 

22,350 

C.Y. 

30.00 

670,500 

2,180 

C.Y. 

30.00 

65,400 

13,900 

C.Y. 

30.00 

417,000 

1 1,000 

C.Y. 

30.00 

330,000 

10,300 

C.Y. 

7.50 

77,250 

17,170 

C.Y. 

7  .50 

128,775 

14,170 

C.Y. 

7.00 

99,190 

35,190 

C.Y. 

5.00 

175,850 

23,710 

C.Y. 

4.00 

94,840 

6,920 

C.Y. 

5.00 

34,615 

47,750 

C.Y. 

5.00 

238,750 

1,520 

C.Y. 

7.00 

10,640 

9,100 

S.Y. 

0.50 

4,550 

1,090 

S.Y. 

3.50 

3,815 

5,550 

C.Y. 

120.00 

666,000 

1,720 

C.'’. 

120.00 

206,400 

280 

C.Y. 

120.00 

33,600 

350 

C.Y. 

120.00 

42,000 

670 

C.Y. 

85.00 

56,950 

140 

C.Y. 

120.00 

16,800 

260 

C.Y. 

120.00 

31,200 

50,560 

Cwt 

2.70 

136,512 

,244,400 

Lb 

0.40 

497,760 

23,000 

Lb 

3.00 

69,000 

7  ,300 

Lb 

3.00 

21,900 

20,500 

Lb 

3.00 

61,500 

9,380 

S.F. 

8.00 

75,040 

3,590 

L.F. 

5.00 

17,950 

4,957,487 

1 

Job 

L.S.  334,000 

2 

Job 

L.S.  720,000 

6,011,487 

+  20%  Contingencies 
25%  E&D,  S&A 


1,188,513 

7,200,000 

1,800,000 


TOTAL  CONSTRUCTION  COST  9,000,000 

TOTAL  CONSTRUCTION  COST  (UPDATED  TO  SEPT.  1978)  11,250,000 
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The  project  investment  shown  below  is  based  on  the  then  prevailing  6- 
5/8  percent  interest  rate  for  a  construction  period  of  three  years, 
exclusive  of  lands  and  damages,  a  non-Federal  contribution.  The 
operation  and  maintenance  as  well  as  interim  replacements,  also  a 
non-Federal  responsibility,  are  shown  below: 


Project  Investment 

Construction  Costs  $11,250,000 

Interest  During  Construction  1,118,000 


Total 


$12,368,000 


Annual  Charges 

Interest  &  Amortization 
Operation  &  Maintenance 
Major  Replacements 


$821,000 

15,000 

6,200 


Total 


$842,200 


The  entire  grouping  of  benefits  for  the  Local  Protection  Project  as  a 
single  purpose  flood  control  element  is  as  shown  on  Table  2-14. 


ELMWOOD  AVENUE  LOCAL  PROTECTION  PROJECT 


The  area  that  would  receive  protection  from  this  inclosure  is  mainly 
one  family  residential  structures  with  about  10  small  to  moderately 
sized  commercial  firms  that  would  begin  to  be  inundated  in  the  range 
of  2  to  4  percent  frequency  storm  event.  Because  of  increasing 
urbanization  in  upstream  areas,  the  frequency  of  flooding  to  this 
locale  has  increased  to  a  point  where  several  times  a  year  some 
overbank-road  flooding  and  measurable  cellar  flooding  occurs.  Most 
of  the  homes  in  the  area  have  installed  sump  pumps  and  some  have 
eliminated  the  usage  of  the  cellar  for  any  significant  purpose.  In 
many  instances  the  pumps  are  not  of  sufficient  size  to  handle  the 
inflow  of  water.  Recently,  about  every  five  years,  significant 
basement-road  flooding  occurs,  and  at  about  a  10  to  15  year 
recurrence  interval  first  floor  flooding  is  received  by  homes. 

Because  of  the  projected  increase  in  river  stages  due  to  uncontrolled 
increasing  nonflood  plain  urbanization  upstream,  more  frequent 
flooding  can  be  expected  with  a  subsequent  increase  in  damages  to 
both  a  specific  flood  event  and  to  the  annual  losses.  With  the 
tremendous  effect  on  the  social  well-being  of  the  area's  inhabitants, 
continued  evaluation  of  this  damage  site  is  mandatory  even  with  only 
a  marginal  B/C  ratio. 
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The  total  estimated  construction  cost  as  of  July  1975  was  $2,313,000 
as  derived  on  Table  2-15,  updated  to  1978  conditions  this  is 
equivalent  to  $2,900,000  exclusive  of  lands  and  damages  and  other 
non-Federal  responsibilities. 


The  project  investment,  based  on  6-5/9  percent  for  a  construction 
period  of  2  years,  and  the  annual  charges  are  shown  below. 


Project  Investment 

Construction  Costs 
Interest  During  Construction 


$2,900,000 

190,000 


Total 


$3,090,000 


Annual  Charges 

Interest  &  Amortization  $  205,000 

Operation  &  Maintenance 
Major  Replacements 


$  205,000 


The  annual  benefits  for  the  Elmwood  Avenue  area  also  were  determined 
to  the  same  degree  of  detail  as  explained  for  the  earlier  detailed 
single  purpose  alternative.  The  listing  of  benefits  for  the  Elmwood 
Avenue  area  is  shown  on  Table  2-14  on  page  2-45. 

BULOVA  LOCAL  PROTECTION  PROJECT 


The  Bulova  project  was  evaluated  in  greater  economic  and  engineering 
detail.  Based  upon  the  availability  of  more  refined  engineering 
data,  it  was  determined  that  two  significant  modifications  of  the 
preliminary  project  considered  in  Step  3  would  be  required.  Relo¬ 
cation  of  a  portion  of  a  warehouse  would  be  required  as  a  measure  to 
provide  the  necessary  land  area  for  dike  construction,  or  the  use  of 
concrete  floodwalls  would  be  required  for  a  portion  of  the  previously 
considered  dike  protection  plan.  The  second  modification  would 
require  major  relocation  of  a  brook.  Because  of  the  additional  costs 
for  providing  these  essential  modifications,  the  project  lost  its 
previous  marginal  justification  and  was  withdrawn  from  further 
consideration.  The  estimated  cost  for  this  project  based  on  the  more 
detailed  engineering  and  design  criteria  is  1.92  million  dollars  in 
1978  dollars,  while  the  benefits  also  would  rise  due  to  inflation 
(about  30  percent).  Further  Federal  involvement  for  the  Bulova 
project  Is  unwarranted. 

BIG  RIVER  RESERVOIR  SINGLE  PURPOSE  PLAN 

As  mentioned  previously  in  this  section  the  Big  River  Reservoir  site 
was  being  studied  by  the  State  of  Rhode  Island  for  a  potential  water 
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TABLE  2-15 
COST  ESTIMATE 
ELMWOOD  AVENUE  DIKE 
JULY  1975  PRICE  LEVELS 


ESTIMATED 

QUANTITY 

UNIT 

UNIT 

PRICE 

ESTIMATED 

AMOUNT 

Preparation  of  Site 

1 

Job 

L.S. 

$  20,000 

Control  and  Diversion  of  River 

1 

Job 

L.S. 

5,000 

Common  Excavation  (30,833) 

30,800 

C.Y. 

4.00 

123,200 

Rockf ill  (Landside)  (17,175) 

17,200 

C.Y. 

10.00 

172,000 

Rockf ill  (Riverside)  (34,635) 

34,600 

C.Y. 

10.00 

346,000 

Crushed  Stone  (4,583) 

4,600 

C.Y. 

7.50 

34,500 

Gravel  Bedding  (Landside)  (12,776) 

12,800 

C.Y. 

7.50 

96,000 

Gravel  Bedding  (Riverside)  (8,596) 

8,600 

C.Y. 

7.50 

64,500 

Comp.  Impervious  Fill  (40,138) 

40,200 

C.Y. 

5.00 

201,000 

Comp.  Gravel  Fill  (5,739) 

5,750 

C.Y. 

7.00 

40,250 

Comp.  Random  Fill  (56) 

60 

C.Y. 

4.00 

240 

Concrete-I  Walls  (404) 

410 

C.Y. 

120.00 

49,220 

Cement  (2,279) 

2,280 

Cwt 

2.70 

6,156 

Reinforcing  Steel  (60,600) 

60,600 

Lb 

0.40 

24,240 

Steel  Sheet  Piling  (14,375) 

14,400 

S.F. 

8.00 

115,200 

8"  BCCMP  (Sub  Drain)  (4,500) 

4,500 

L.F . 

5.00 

22,500 

Interior  Drainage 

1 

Job 

L.S. 

100,000 

Pumping  Station 

1 

Job 

L.S. 

100,000 

Stop  Log  Barrier  -  Elmwood  Ave. 

1 

Job 

L.S. 

10,000 

TOTAL  DIRECT  COST 
w/20%  Cont. 

26%  E&P,  S&A 


$1,529,986 

1,836,000 

477,000 


TOTAL  COST 

TOTAL  COST  (UPDATED  TO  SEPT.  1978) 


$2,313,000 

$2,900,000 
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supply  reservoir.  (It  should  be  noted  that  during  the  plan 
formulation  effort,  this  original  concept  was  true  up  to  January 
1978.  Up  to  that  time  the  various  protection  schemes  could  consider 
the  use  of  this  potential  reservoir  only  as  an  uncertain  future 
action  measure).  By  the  addition  of  flood  control  storage  equal  to 
the  equivalent  of  a  6"  runoff  from  the  upstream  drainage  area,  flood 
stage  reductions  will  be  evident  for  all  downstream  reaches  along  the 
South  Branch  and  the  main  stem  Pawtuxet  River.  Although  the  stage 
reduction  is  less  than  2  feet  for  the  entire  range  of  flood  events, 
it  is  significant  enough  to  have  a  substantial  effect  on  lowering 
damages.  The  benefits  are  shown  on  Table  2-14  on  page  2-45. 

The  final  costs  associated  with  the  construction  of  the  multiuse  Big 
River  project  are  highly  dependent  upon  the  first  cost  o'  the  reser¬ 
voir  project.  Several  different  (initial)  estimates  have  been 
completed  by  the  engineering  firm  designing  the  reservoi ~  for  the 
State  of  Rhode  Island.  In  addition,  there  are  several  contingencies 
that  must  be  implemented  before  determining  the  true  value  of  the 
water  supply  for  Big  River.  The  main  contingency  is  the  construction 
of  a  water  supply  detention  area  in  the  neighboring  Pawcatuck 
watershed.  When,  and  if,  completed  the  water  will  be  pumped  from 
this  area  into  Big  River  for  ultimate  storage.  A  second  problem 
consists  of  the  surficial  geology  and  the  impoundment  area.  Geology 
studies  are  presently  underway  to  determine  the  suitability  of  this 
site  for  water  supply  storage  and  these  results  may  necessitate  the 
installation  of  an  impermeable  layer  to  hold  water  in  the  reser¬ 
voir.  This  cast  although  attributable  solely  to  water  supply  will 
dictate  the  final  cost  of  the  water  supply  portions. 

For  the  purpose  of  this  report,  Big  River  assumes  that  the  Wood  River 
complex  will  be  built.  Two  cost  estimates  are  shown  in  Tables  2-16 
and  2-17.  The  first  is  the  water  supply  reservoir  with  flood  control 
storage  added  and  the  second  is  the  estimate  of  only  a  flood  control 
reservoir  at  Big  River.  The  cost  estimate  for  the  water  supply  only 
reservoir  is  shown  on  Table  2-18. 

The  resultant  B/C  ratios  for  the  flood  control  separable  cost  alone 
and  the  water  supply  reservoir  only  are  1.24  and  1.06  respectively. 
The  B/C  ratio  for  the  flood  control  reservoir  acting  alone  Is  only 
0.5  to  1.0.  This  is  not  economically  feasible  as  a  single  action 
flood  control  measure. 

DEVELOPMENT  OF  DETAILED  PLANS 


This  phase  of  the  plan  formulation  efforts  combined  the  single  action 
measures  that  were  considered  feasible  for  the  intermediate  level. 
Detailed  analyses  were  conducted  on  each  alternative  in  this  stage. 
Ten  plans  were  evaluated.  Alternatives  involved  various 
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TABLE  2-16 


WATER  SUPPLY  AND  FLOOD  CONTROL  RESERVOIR 


COST  ESTIMATE 


UNIT 

TOTAL 

QUANTITY 

COST 

COST 

Site  Preparation 

1 

L.S. 

$5,520,000 

Stream  Control 

- 

- 

512,000 

Earth  X-Common 

264,000 

CY 

2.00 

528,000 

Earth  X-Borrow 

1,459,500 

CY 

1.80 

2,592,070 

Rock  X 

203,800 

CY 

6.50 

1,324,700 

Earth  Emb.  (Rolled) 

1,486,900 

CY 

0.60 

892,140 

Select  Gravel 

99,000 

CY 

7.80 

772,200 

Rockf.lll  Placing 

255,000 

CY 

1.80 

459,000 

Concrete  (Mass.) 

10,200 

CY 

130.00 

1,326,000 

Concrete  (Reinf.) 

10,400 

CY 

180.00 

1,872,000 

Bridges  Superstructure 

2,670 

SF 

37.00 

98,790 

Gates  &  Machinery 

- 

- 

- 

Stop  Logs 

- 

- 

- 

Slurry  Trench  Cutoff 

1,186,500 

SF 

19.00 

22,543,500 

Contingency  20% 

7,680,000 

Cemetery  Relocation 

160  graves 

1,200.00 

192,000 

Road  Relocations 

&  Reconstruction 

22,000 

If 

160.00 

3,520,000 

Utility  Relocation 

- 

... 

1,782,000 

Buildings  Ground  &  Utilities 

- 

- 

222,000 

E 

&  D  -  9% 

4,666,000 

S 

&  A  -12% 

6,221,000 

Land  &  Damages 

8,985,580 

TOTAL  PROJECT  COST 

$71,700,000 

Note:  Based  on  the  Big  River  Reservoir  feasibility  report  these 
costs  have  been  reduced. 


TABLE  2-17 


FLOOD  CONTROL  RESERVOIR 
COST  ESTIMATE 


UNIT  TOTAL 

IUANTITY  COST  COST 


Preparation  of  Site 

- 

- 

1,550,000 

Stream  Control 

- 

— 

407,000 

Earth  X-Coramon 

82,000  CY 

2.40 

196,800 

Earth  X-Borrow 

200,000  CY 

2.20 

440,000 

Impervious  Blanket 

90,630  CY 

3.20 

290,000 

Rock  X-Open  Cut 

40,000  CY 

10.00 

400,000 

Embankment  (Rolled) 

232,000  CY 

0.90 

208,800 

Select  Gravel 

22,000  CY 

8.20 

180,000 

Rockfill  Placing 

50,000  CY 

2.70 

135,000 

Concrete,  Mass. 

7,600  CY 

130.00 

988,000 

Concrete,  Reinf. 

4,200  CY 

190.00 

798,000 

Bridge  Superstructure 

1,260  SF 

40.00 

50,400 

Gates  and  Machinery 

- 

*“ 

26 , 000 

Stoplogs 

320  SF 

60.00 

19,200 

Misc.  Items  10%  + 

350,000 

Cemetary  Relocations 

45  Graves 

1200.00 

54,000 

Road  Relocations 

13,000  if 

166.00 

2,158,000 

Utility  Relocations 

26,000  if 

30.00 

780,000 

Contingencies  20%  + 

.1  ,730,000 

Buildings,  Grounds  &  Utilities 
E&D  -  12  % 

130,000 
] ,292,000 

S&A  -  15  % 

1,615,000 

Lands  and  Damages 

3,626.000 

TOTAL  COSTS  - 

$ 

17,398,000 

2  yrs. 

x  1/2  x  .06125 

1,065,630 

Construction  Cost 

$ 

18,463,630 

Interest  (.06125) 

1,130,000 

Amortization  (.0001086) 

2,010 

ANNUAL  CHARGE 

$ 

1,132,910 

Using  Preliminary  Scrub  Method 

TOTAL  CONSTRUCTION  COSTS  -  3,930,000 

ANNUAL  COST  452,000 
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TABLE  2-18 


WATER  SUPPLY  ONLY 


Crest 

Surcharge 

Freeboard 

Elev. 


103.0 

4.0 

iiH 

5.2.0  *:or  of  Dam 


1.  Reservoir  Clearing 

Clearing  3411  acres  0  1200. 00/acre 
Demolition  of  buildings  300  0  1500.00 
20%  contingencies 


Dim  l»  Appurtenant  Structures 

Preparation  of  site  46  acres  3  1900.00 
Stream  Control  L.S. 

Earth  X-comaon  226,6  30  cy  -3  2.00 
Earth  X-borrow  1,298,470  ry  ;>  1.80 
Rock  X  168,000  cy  0  6.50 
Earth  Emb.  (Rolled)  1,321,950  cy  <?  .60 
Select  Gravel  85,000  cy  0  7.80 
Rockfill  Placing  210,000  cv  0  1.80 
Concrete  (Mass.)  10,200  cy  0  130.00 
Concrete  (Rein.)  10,100  cy  @  180.00 
Bridge  Superstructure  2,670  SF  @  37.00 
Gates  &  Machinery  (2  sets  reqrd) 

Stop  Logs  224  SF  (?  40.00 

Slurry  Trench  cut  off  1,186,500  SF  $  19.00 


Misc  Items  10% 
Contingencies  20% 

Total  Dam  and  Appurtenant  Structures 

3.  Relocations 

Cemeteries  160  graves  @  1200.00 
Road  Relocations  and  Reconstruction: 

Route  03  400  I.F  <*  160.00 
Division  Street  9000  LF  160.00 
Harkney  Hill  Road  9000  LF  (?  160.00 
Henry  Brown  Road  11,000  LF  @  10.00 

Utility  Relocation 

Electric 
Telephone 
Contingency  20% 

4.  Buildings,  Grounds  and  Utilities 

5.  Engineering  and  Design  (8%) 

6.  Supervision  &  Administration  (8%) 

7.  Lands  &  Damages 

Land  &  Improvements  4890  acres 
Flowage  Rights 


4,090,000 
450,000 
908 .000 

$5,448,000 


87,400 
512,000 
453.260 
2,337,250 
1 ,092,000 
793,770 

663,000 

378,000 

1,326,000 

1,818,000 

98,790 

55,000 

8,960 

22,543,960 

$32,166,330 

3,217,000 
_6 jU  33j_0°0 
41,81 6,3-30 


10 2. 000 


640,000 
1,440,000 
] ,440,000 
110,000 


346,200 

346,200 

679,050 

$5,193,450 


170,000 

4,210,000 

4,210,000 


6,800,000 

140,000 


Resettlement  Costs 
Contingency  20% 

Total  Lands  &  Damages 


55,000 

1,400,000 

‘  8,395,000 


Total  Proiect 


$69,443,000 


* 
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combinations  and  design  levels.  One  of  the  alternatives  consisted  of 
the  No  Action  plan.  All  alternatives  assumed  that  flood  insurance 
would  be  available  for  the  various  communities  within  the  water¬ 
shed.  This  would  help  eliminate  future  flood  losses  to  new 
developments. 

From  the  previous  iterations,  it  was  apparent  that  only  the  main  stem 
Zones  4-8  would  be  the  subject  of  any  further  detailed  studies  for 
any  corrective  measures,  other  than  a  potential  reservoir  site  at  Big 
River.  There  was  not  any  single  action  corrective  measure  that 
passed  the  intermediate  level  of  screening  for  the  many  tributary 
streams,  other  than  that  previously  mentioned.  The  remainder  of  the 
planning  process  dealt  with  the  derivation  of  detailed  costs, 
benefits,  environmental  studies  and  evaluation  of  various  flood 
control  systems  combining  corrective,  corrective  nonstructural  and 
regulatory  measures. 

The  major  components  of  the  alternative  plans  are  described  in  the 
following  paragraphs. 

Natick  Diversion  Options  -  As  previously  evaluated,  the  Natick 
Diversion  was  evaluated  for  various  schemes  having  inside  tunnel 
diameters  ranging  from  20  to  33  feet  and  respective  flow  diversion 
rates  varying  from  5,000  to  18,000  cfs.  The  30-foot  diameter  tunnel 
was  the  largest  sized  tunnel  that  appeared  to  be  economically 
feasible.  Also  justified  as  a  single  action  measure  was  a  local 
protective  works.  A  third  measure  was  carried  forth  with  minimal 
channel  modification  because  of  the  social  disruptions  that  the 
continual  flooding  has  had  on  the  area.  The  final  measure  involved 
various  considerations  of  Big  River  Reservoir,  initial  economic 
evaluation  of  these  projects  in  the  intermediate  screening  had  been 
developed  on  the  basis  of  engineering  judgment  and  basic  assumptions 
without  the  benefit  of  highly  specific  engineering  data,  such  as 
subsurface  explorations,  field  surveys  and  application  of  various 
tunnel  technologies,  and  environmental  studies.  As  it  became  evident 
that  the  Natick  Diversion  and  two  local  protective  works  would 
constitute  key  considerations  in  a  basin  management  plan,  more 
detailed  engineering  studies  were  made  so  that  the  combining  of 
measures  could  be  fully  evaluated. 

A  comparison  showing  the  effectiveness  of  a  30-foot  diameter  tunnel 
with  a  21-foot  diameter  tunnel  at  the  Natick  Dam  is  noted  below  in 
terms  of  flood  stage  reduction,  in  feet,  at  a  Standard  Project  Flood 
event  for  each  of  the  main  item  zones  following  implementation  of  a 
diversion  project: 
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DIVERSION 

DIAMETER 


FLOOD  STAGE  REDUCTION  BY  ZOEES 


_ 6 _  ?  8  _ 

'in  fee t) 

8.5  4.5  3.0 

3.5  2.0  1.5 

This  comparison  demonstrates  the  effects  of  the  Natick  Diversion  upon 
downstream  main  stem  reaches,  in  that  the  larger  the  tunnel  diameter, 
the  greater  the  flood  stage  reduction  and  protection  afforded  by  it. 

As  the  tunnel  diameter  is  increased,  the  residual  damages  downstream 
decrease.  Residual  losses  are  minor  for  Zones  4,  5  and  6  but  are 
very  significant  (although  still  reduced  by  over  50  percent)  for 
Zones  7  and  8.  The  losses  are  independent  of  tunnel  size.  However 
the  smaller  the  tunnel  the  greater  the  residual  damage. 

Natick  Diversion  Pumped  Storage  Option  -  During  the  evaluation  of  the 
Natick  Diversion  structure,  a  supplemental  study  was  made  concerning 
possible  use  of  the  proposed  tunnel  as  part  of  a  pumped  storage  power 
project.  Instead  of  a  straight  alignment,  the  tunnel  would  have  a 
dogleg  to  the  vicinity  of  Bald  Hill  (summit  elevation  242  feet)  and 
would  require  an  additional  length  of  1,000  feet.  The  closed-system 
power  facilities  would  include  an  81-million  cubic  foot  capacity 
upper  reservoir  near  the  hill  summit,  a  penstock  connecting  with  the 
tunnel  and  an  underground  powerhouse.  The  tunnel  would  serve  as  the 
lower  reservoir,  with  control  gates  at  the  outlet  to  prevent  salt, 
water  from  entering  the  system.  Additional  head  could  be  developed 
by  tunnel  deepening.  Various  installations  were  evaluated,  ranging 
from  22,000  to  57,000  kilowatt  capacity,  with  average  net  head 
varying  from  370  to  570  feet,  respectively.  Preliminary  study 
indicated  that  peaking  power  generation,  based  on  a  10  percent,  load 
factor,  would  not  be  economically  justified  as  a  separate  cost  in 
connection  with  the  flood  control  features  of  the  project.  In 
addition  the  separable  cost  of  the  power  facilities  also  did  not  meet 
the  test  of  being  less  than  the  least  alternative  cost.  Because  a 
gas  turbine  installation  would  represent  a  less  expensive 
alternative,  no  further  evaluation  was  made  of  the  Natick  Diversion 
pumped  storage  option. 

Floodproofing  Options  -  During  the  field  investigations  of  flood¬ 
proofing  measures  as  a  single  action  measure  in  the  lower  basin,  the 
study  team  also  investigated  the  prospects  for  justification  of 
lesser  degrees  of  floodproofing  (i.e.,  protection  against  lower 
levels  of  flooding)  in  the  event  that  flood  stage  reductions  could  be 
accomplished  by  implementation  of  Natick  Diversion  and  complemented 
by  the  then  future  action  provision  of  floodwater  storage  at  Big 
River  Reservoir.  It  was  determined  that  the  Natick  Diversion  plus 


4  5 


30  Feet  8.5  8.0 

21  Feet  3.0  3.0 


i 
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floodproofing  at  lower  levels  of  flooding  than  the  100-year  was  not 
economically  Justified  incrementally.  Therefore,  no  further  Federal 
evaluation  of  floodproofing  was  warranted  as  part  of  a  combination  of 

measures. 

Main  Stem  Alternatives  -  All  alternatives  would  assume  the  availa¬ 
bility  of  the  National  Flood  Insurance  Program  as  an  effective  land 
use  control  measure  and  an  effective  measure  for  reimbursement  of 
structural  flood  losses  and  contents.  All  alternatives  except  the  No 
Action  plan  (Alternative  F)  would  Include  possible  additional  regula¬ 
tory  measures,  should  the  individual  communities  so  desire  additional 
land  use  controls,  plus  the  possible  imple>ivntation  of  future  action 
measures  along  the  North  and  South  Branches,  which  collectively  could 
reduce  existing  and  potential  flood  problems  along  the  main  stem.  A 
summary  of  the  economic  analysis  for  each  alternative,  including 
project  costs,  is  presented  in  the  Main  Report. 

Alternative  A  -  This  alternative  would  consist  of  the  Natick 
Diversion,  with  a  30-foot  diameter  tunnel.  With  Natick  Diversion  as 
the  only  structural  component,  substantial  flood  loss  reductions 
would  be  realized  in  the  main  stem  zones  and  in  the  tributary  zones 
affected  by  backwater  conditions.  Average  annual  losses  along  the 
main  stem  would  be  reduced  by  the  diversion  to  an  average  annual  loss 
slightly  more  than  $800,000. 

Implementation  of  the  30'  diversion  reduces  the  number  of  ownerships 
affected  by  a  100-year  flood  event  from  471  to  266,  and  lor  an  SPF 
event  from  1,856  to  959.  In  addition,  the  diversion  also  provides  a 
substantial  reduction  in  water  depths  in  the  266  ownerships  still 
subject  to  residual  flooding  by  a  100-year  flood  event.  In  that 
group  the  following  residual  flooding  would  be  experienced:  6  to  11 
feet  in  94  ownerships,  3  to  6  feet  in  81  ownerships  and  less  than  3 
feet  in  91  ownerships.  For  the  100-year  event,  four  ownerships  would 
(theoretically)  have  to  be  relocated,  of  which  one  is  located  in 
Warwick,  three  in  Cranston  and  none  in  West  Warwick.  In  the  group  of 
959  ownerships  subject  to  flooding  by  the  SPF  event  after  the 
diversion,  the  following  residual  flooding  would  be  experienced: 
excess  of  11  feet  in  316  ownerships,  6  to  11  feet  in  113  ownerships, 

3  to  6  feet  in  180  ownerships  and  less  than  3  feet  in  350  ownerships. 

A  component  of  this  alternative  would  be  the  future  action  elements 
consisting  of  flood  control  storage  at  Big  River  Reservoir  to  be 
built  and  designed  by  others  and  the  regulation/raanagement  of 
Scituate  Reservoir.  When  combined  with  the  30'  diameter  Natick 
Diversion  to  act  as  a  system  the  proposal  would  be  economically 
justified  due  to  the  low  separable  costs  of  the  flood  control 
element.  The  additional  net  benefits  along  the  South  Branch  and  the 
main  stem  would  result  In  a  system  of  B/C  ratios  of  1.03  to  1.  The 
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additional  flood  stage  reduction  at  events  ranging  from  about  a  100- 
year  event  down  to  the  common  yearly  type  flood  would  remain  the  same 
as  the  diversion  is  capable  of  discharging  the  floodwat ers.  However, 
at  events  rarer  than  the  one  percent  flood  stage,  reduction  of  one 
half  foot  up  to  one  foot  is  possible  depending  upon  the  zone  and  the 
flood  event. 

Alternative  B  -  This  alternative  would  consist  of  Natick  Divert  too 
with  a  30'  diameter  tunnel  and  the  Warwick  Avenue  and  Elmwood  Avenue 
local  protection  projects.  From  the  various  local  protection 
measures  evaluated  as  single  action  erasures  a  plan  evolved  that 
would  provide  local  protection  measures  for  extreme  northeastern 
Warwick  extending  from  the  lower  limits  of  Zone  6  and  including  all 
damaged  portions  of  Zones  7  and  3.  A  series  of  dikes,  flood-walls  and 
other  structures  would  provide  full  protection  to  the  SPF  event  as 
modified  by  Natick  Diversion,  to  the  residential-commercial  area  in 
the  vicinity  of  Elmwood  Avenue  (U.S.  1)  and  the  Warwick  Industrial 
park  and  adjacent  residential-commercial  area  in  the  vicinity  of 
Warwick  Avenue  (RI  117). 

Provision  of  the  Natick  Diversion  and  the  Elnwood  Avenue-Warwick 
Avenue  protective  measures  would  reduce  average  annual  losses  in  the 
lower  basin  to  approximately  $200,000  with  the  30-foot  diameter 
tunnel  project.  With  the  30-foot  diameter  diversion  tunnel  and  the 
Warwick  protective  measures,  most  of  the  residual  losses  won?-!  occur 
within  the  Cranston  portions  of  Zones  4B,  6,  7  and  B,  hut  protective 
measures  for  these  Cranston  areas  proved  not  to  be  cconorrically 
justified.  The  remaining  losses  in  Warwick  Zones  4,  3  and  6  and  the 
West  Warwick  portion  of  Zone  4  would  be  minimal  following  reductions 
by  the  Natick  Diversion. 

Local  protection  measures  for  the  Bulova  Watch  Company  industrial 
complex  in  Zone  5,  which  had  been  determined  to  be  marginally 
justified  as  a  single  action  measure  were  reconsidered  in  combination 
with  the  Natick  Diversion.  With  the  30-foot  diameter  diversion 
tunnel,  flood  stages  would  be  substantially  reduced  so  that  flood 
damages  at  the  Bulova  complex  would  be  minimal.  At  the  100-year 
flood  level  only  the  lower  floor  of  the  main  office  building  would  be 
subject  to  flooding.  Under  such  conditions,  the  use  of  sandbags  at 
the  building  entrances  and  adequate  interior  pumping  facilities  could 
eliminate  interior  flood  losses.  Therefore,  it  was  determined  that 
local  protection  measures  acting  in  conjunction  with  Natick  Diversion 
would  not  be  economically  justified  at  the  Bulova  industrial  complex. 

As  summarized  in  Table  2-19,  implementation  of  Alternate  B  (Natick 
Diversion  with  30-foot  diameter  tunnel  and  Warwick  Avenue  and  Elmwood 
Avenue  local  protection)  would  reduce  the  number  of  ownerships 
affected  by  the  100-year  flood  level  from  471  to  148. 
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TABLE  2-19 

OWNERSHIPS  SUBJECT  TO  FLOODING 
FOLLOWING  PROVISION  OF  NATICK  DIVERSION 
AND  WARWICK  LOCAL  PROTECTION 
(Zones  4,  5,  6,  7,  8,  4B ,  6B  and  7B) 


100-Year  Flood  Standard  Project  Flood 


Community  / 
Category 

Natural 

Conditions 

F  ollowing 
Alternative  C-l 

Natural 

Conditions 

Following 
Alternative  C 

WARWICK 

Commercial 

21 

1 

44 

11 

Industrial 

13 

1 

19 

6 

Residential 

146 

0 

570 

16 

Public 

2 

1 

2 

2 

Schools 

0 

0 

0 

0 

Others 

_ 3 

0 

4 

_4 

Sub-Total 

185 

3 

639 

39 

CRANSTON 

Commercial 

11 

10 

27 

17 

Indus  trial 

6 

4 

16 

7 

Residential 

206 

122 

1,083 

613 

Public 

2 

2 

8 

6 

Schools 

1 

1 

2 

2 

Other 

2 

_ 1 

5 

_ 4 

Sub- Total 

228 

140 

1,141 

649 

WEST  WARWICK 

Commercial  10 

1 

11 

10 

Industrial 

4 

1 

5 

4 

Residential 

41 

2 

53 

48 

Public 

1 

1 

1 

1 

Schools 

1 

0 

3 

1 

Others 

1 

0 

3 

_1 

Sub-  Total 

58 

5 

76 

65 

Totals 

471 

148 

1,856 

753 
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A  component  of  this  alternative  would  be  the  future  action  elements 
consisting  of  flood  control  storage  at  Big  River  Reservoir  and  r-u- 
regulation/ management  of  Scituate  Reservoir.  Wl-m  combined  wit*-  ' ’>e 
above  system,  a  B/C  ratio  of  slightly  above  unity  would  be  real! cur. 

Alternative  C  -  This  alternative  would  consist  of  Natick  Diversion 
with  a  21-foot  diameter  tunnel  and  the  Warwick  Avenue-Elmwood  Avenue 
local  protection  projects.  The  series  of  dikes,  floodwalls  and  other 
structures  are  basically  the  same  as  the  previous  alternative. 
However,  the  walls  and  dikes  are  several  feet  higher  than  those 
considered  in  Alternative  B  as  the  diversion  cannot  divert  as  much 
floodwater  into  Apponaug  Cove.  Both  local  protection  projects  were 
justified  as  single  action  measures  in  the  intermediate  level  of 
detail  and  combined  with  the  single  purpose  Natick  Diversion  with  a 
21-foot  diameter  discharge  tunnel. 

Implementation  of  this  alternative  would  reduce  average  annual  losses 
in  the  lower  basin  to  approximately  $520,000. 

Local  protection  measures  for  the  Bulova  Watch  Company  industrial 
complex  in  Zone  5,  which  had  been  determined  to  be  marginally 
justified  as  a  single  action  measure  in  Step  3,  were  reconsidered  in 
combination  with  the  Natick  Diversion.  With  the  21-foot,  tunnel  as 
with  the  30-foot  diameter  diversion  tunnel,  flood  stage  would  be 
substantially  reduced  so  that  flood  damages  at  the  Bu)oija  complex 
would  be  minimal.  At  the  100-year  flood  level  only  the  lower  floor 
of  the  main  office  building  would  be  subject  to  flooding.  Under  such 
conditions,  the  use  of  sandbags  at  the  building  entrances  and 
adequate  Interior  pumping  facilities  could  eliminate  interior  flood 
losses.  Therefore,  it  was  determined  that  local  protection  measures 
acting  in  conjunction  with  Natick  Diversion  would  not  be  economically 
justified  at  the  Bulova  industrial  complex.  No  other  reevaluated 
local  protection  projects  were  considered  due  to  the  high  reduction 
in  losses  afforded  by  the  diversion. 

A  component  of  this  alternative  would  be  the  future  action  elements 
consisting  of  flood  control  storage  at  Big  River  Reservoir  and  the 
regulation/management  of  Scituate  Reservoir.  When  combined  with  the 
above  system,  a  B/C  ratio  of  1.25  would  be  realized. 

Alternative  D  -  This  alternative  would  consist  of  the  same  two  local 
protection  projects  discussed  previously — the  Warwick  Avenue  and  the 
Elmwood  Avenue  local  protection  projects. 


COMBINED  COSTS  -  LOCAL  PROTECTION  PROJECTS 
WARWICK  AVENUE  AND  ELMWOOD  AVENUE 
(Based  on  1978  Prices,  6-5/8  percent  interest.) 


PROJECT  INVESTMENT 

$14,150,000 
1,308,000 
$15,458,000 


$  1,026,000 
15,000 
6,200 
$  1,047,200 

The  protective  measures  evaluated  for  the  combined  Elmwood  Avenue- 
Warwick  Avenue  area  would  protect  the  same  area  of  Warwick  (Zones  7, 

8  and  part  of  Zone  6)  as  considered  in  the  intermediate  screening 
level.  However,  the  project  was  evaluated  in  greater  economic  and 
engineering  data.  Protection  of  this  Warwick  area  to  the  SPF  level 
was  determined  to  be  economically  justified.  The  Warwick  local 
protection  project  would  provide  a  benefit  of  about  $1,950,000. 

While  the  local  protection  project  for  comparative  purposes  would 
protect  150  ownerships  that  are  subject  to  flooding  at  the  100-year 
flood  level,  it  is  standard  practice  to  design  Corps  local  protection 
projects  in  urban  areas  to  the  SPF  level  to  avoid  the  false  sense  of 
security  that  could  result  from  lower  levels  of  protection.  In  all, 
the  Warwick  local  protection  project  would  protect  450  ownerships;  9 
industrial,  21  commercial  and  420  residential. 

For  coiqparative  purposes  only,  at  the  occurrence  of  a  100-year  flood 
event,  river  stages  would  be  3  to  6  feet  higher  than  those 
experienced  in  the  March  1968  flood,  and  7  to  15  feet  higher  than 
normal  river  stages.  Under  SPF  conditions,  river  stages  would  be  11 
to  15  feet  higher  than  those  experienced  in  the  March  1968  flood,  and 
13  to  20  feet  higher  than  normal  river  stages. 

The  estimated  costs  for  the  projects,  evaluated  as  a  system  were 
$1,130,000  on  an  annual  basis.  The  overall  systems  B/C  ratio  is 
1.72. 

Alternative  IS  -  This  alternative  consists  of  the  provision  of  flood 
control  storage  equivalent  to  6  inches  of  runoff  at  the  proposed  Big 
River  Water  Supply  Reservoir.  The  plan  would  also  consist  of  a 
management /regulation  of  both  Scituate  and  Big  River  Reservoir  to 
help  reduce  flood  stages  by  allowing  some  floodwater  storage  at 
Scituate  without  losing  any  water  supply  potential.  As  Big  River 
would  be  designed  for  flood  control,  management  of  this  reservoir  is 
less  critical. 


Construction  Costs 
Interest  During  Construction 
Total 

ANNUAL  CHARGES 

Interest  &  Amortization 
Operation  &  Maintenance 
Major  Replacements 
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Benefits  for  the  flood  control  increment  at  Big  River  are  realized  in 
all  downstream  zones  from  the  confluence  of  Big  River  and  the  South 
Branch  down  to  and  including  Zone  8.  The  total  annual  benefits  tor 
all  zones  combined  amounts  to  about  $300,000  excluding  any  growth. 

The  project,  as  mentioned  previously,  is  not  justified  as  a  single 
purpose  flood  control  dam  but  when  considered  as  a  component,  of  the 
major  water  supply  purpose  is  justified  for  flood  control  when  cost- 
allocated.  The  overall  B/C  ratio  is  1.39. 

Alternative  F  -  This  alternative  would  consist  of  the  No  Action 
program — one  that  local  int_rests  would  implement  in  the  absence  of  a 
corrective  Federal  assistance  program.  It  is  assumed  that  local 
interests  would  Institute  a  program  for  controlling  growth  within  the 
100-year  flood  plains,  at  least  the  minimum  zoning  controls  required 
for  eligibility  in  the  National  Flood  Insurance  Program.  The  plan 
would  be  equally  applicable  to  both  main  stem  zones,  and  all  major 
tributary  streams. 

As  this  alternative  would  exclude  the  consideration  of  structural 
components,  reduction  in  flood  stages  for  alleviating  damages  in 
flood  prone  areas  would  be  unattainable.  Some  intensification  of 
flood  problems  could  be  expected  in  varying  degrees  because  of 
continuing  urbanization  within  the  basin  with  the.  program.  If  the  No 
Action  alternative  is  not  implemented  as  a  minimum  program,  flood 
problems  can  be  expected  to  magnify  over  the  years. 

This  alternative  includes  the  only  means  available  for  compensating 
losses  due  to  flooding,  through  municipal  and  individual  partici¬ 
pation  In  the  National  Flood  Insurance  Program.  However,  flood 
losses  would  be  only  partially  covered  as  there  are  no  existing 
provisions  for  compensating  policyholders  for  nonphysical  losses, 
such  as  expenses  for  lodging  during  dwelling  rehabilitations  or  loss 
of  income  or  profit  while  a  commercial  or  manufacturing  firm  is 
temporarily  closed.  In  addition,  the  uninsured  would  receive  no 
monetary  compensation;  such  a  condition  could  result  if  all 
municipalities  do  not  participate  in  the  National  Flood  Insurance 
Program,  which  includes  the  requirement  that  flood  plain  zoning  to 
the  100-year  event  be  instituted.  Future  flood  losses  along  the  main 
stem  alone  would  far  exceed  $5  million  annually,  including  new 
development  that  could  be  expected  during  the  next  25  years  at  a 
conservative  growth  rate.  These  estimated  losses  to  potential  growth 
development,  with  the  flood  plains,  in  excess  of  $2  million  annually, 
are  based  on  analysis  and  projections  of  past  development  trends  In 
the  flood  plains. 
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Alternative  G  -  This  alternative  consisted  of  the  21-foot  diameter 
Natick  Diversion  tunnel  and  the  Warwick  Avenue  local  protection 
project.  Alternative  G  is  the  same  as  Alternative  C  except  that  the 
Elmwood  Avenue  local  protective  works  has  been  dropped  from  consid¬ 
eration.  With  this  protection  scheme,  the  estimated  costs  are 
$3,558,000  and  the  total  benefits  or  damages  prevented  are  equal  to 
$4,545,000.  Thus  the  overall  B/C  ratio  is  equal  to  about  1.28  to  1. 

Conclusions  -  The  above  seven  alternatives  were  presented  for  comment 
at  a  late  stage  public  meeting  held  14  October  1S76.  A  draft  feasi¬ 
bility  report  and  EIS  were  prepared  and  distributed  to  the  public 
prior  to  the  meeting.  Because  of  tremendous  unexpected  opposition  to 
the  then  selected  plan.  Alternative  B  above,  some  reformulation  and  a 
new  report  was  necessitated.  The  reasons  for  the  opposition  were 
twofold;  the  alleged  high  tunnel  project  cost  and  the  potential 
environmental  harm  to  Apponaug  Cove-Greenwich  Bay  during  a  major 
diversion  event.  At  plan  formulation  public  meetings  in  May  1975 
during  which  time  the  various  considered  alternatives  were  discussed, 
the  cost  of  the  300-foot  diameter  tunnel  was  cited  as  ranging  between 
$29  to  $42  million  depending  upon  the  method  of  construction  and  the 
quality  of  rock  encountered.  These  costs  were  also  exclusive  of 
lands  and  damages.  The  lower  cost  assumed  that  the  mole  method  of 
construction  could  be  used,  a  30-foot  diameter  mole  machine  was 
available,  the  entire  length  of  tunnel  construction  was  adaptable  to 
the  mole  method  and  that  the  tunnel  could  remain  unlined.  The  $42 
million  figure  considered  drilling  and  blasting  with  a  thin  shell 
concrete  lining  the  entire  length  of  the  tunnel.  At  that  stage  of 
analyses,  the  deep  rock  borings  along  the  tunnel's  proposed  route  had 
not  yet  been  started.  In  the  interim  report  prepared  for  the  October 
1976  public  meeting,  $49  million  was  recorded  as  being  the  cost  for 
the  diversion  tunnel.  The  opposition  claimed  that  the  costs  have 
risen  unexpectedly  $20  million  in  a  1-1/2  year  time  frame.  Cited 
costs  for  the  tunnel  at  the  late  stage  meeting  were  trying  to 
establish  that  even  under  the  least  likely-most  costly  construction 
method,  the  project  was  still  economically  feasible.  The  detailed 
geology  analyses  have  subsequently  shown  that  with  the  exception  of 
less  than  25  percent  of  the  tunnel's  length  the  mole  method — unlined 
tunnel  could  be  used.  However,  the  uncertainty  of  the  actual  mole 
method  of  construction  and  its  availability  necessitated  this 
Division  reporting  the  higher  cost,  one  that  would  in  all  likelihood 
be  reduced  in  the  final  detailed  design  stages,  if  the  project  were 
to  proceed  that  far.  The  $49  million  figure  represents  only  cost 
inflation  from  the  1975  figures  and  inclusion  of  lands  and  damages. 

The  section  on  environmental  effects  of  the  diversion  on  Page  4-29 
represents  the  most  accurate  summation  of  environmental  degradation 
that  is  available.  The  basis  of  these  facts  is  the  result  of 


2-60 


computer  simulation  studies  performed  by  a  most  knowledgeable  and 
reputable  architect  engineering  : irm  that  sp**' •'  • :  •  -j  in  this  ty  ■< 
work.  To  our  belief  the  estimates  of  concentration  end  duration  , 
represents  the  worst  possible  situation.  A.i  coat rad ‘ r t<  rv 
statements  expressed  at  the  nubile  meeting  w.re  unsupported  by 
factual  data.  Although  the  diversion  was  overwhelming];  opposed  by 
virtually  all  the  speakers  at  the  public  meeting  and  subsequently 
dropped  from  the  selected  plan.  It  is  still  our  position  that  the 
environmental  harm  to  marine  environment  in  Apponaug  Cove  and 
Greenwich  Bay  is  minimal.  Also  at  O •■->  public  meeting  little  support 
was  expressed  for  the  Warwick  Avenue  i-:  oject  and  only  local  support 
for  the  F lnuood  Avenue  project. 

In  the  next  several  months  considerable  discussions  at  meetings  and 
workshops  were  held  with  State  and  local  officials  to  try  to  find  out 
what  could  be  done  to  arrive  at  a  publicly  acceptable  plan  and  still 
provide  a  high  degree  of  flood  relief.  The  discussions  included  the 
obvious--termination  of  the  study  due  to  lack  of  support.  However, 
reassurances  from  State  elected  officials,  as  well  as  State  and  local 
Governments  mandated  continuation  of  the  study. 

At  that  time  it  also  became  evident  that  the  State  of  Rhode  Island 
was  now  Interested  in  having  the  Corps  of  Engineers  as  the  planner- 
designer  of  the  Big  River  Reservoir  project,  and  if  justified  and 
environmentally  acceptable,  construct  the  complex.  This  then 
necessitated  a  more  accurate  hydrological  determination  as  to  effects 
downstream  created  by  the  Big  River  Reservoir  impoundment.  (All 
Initial  studies  used  only  preliminary  approximations).  Although 
detailed  answers  were  not  available  and  in  order  to  expedite  as  much 
as  possible  the  already  delayed  completion  of  the  report,  a  final 
late  stage  public  meeting  was  held  on  9  May  1977. 

At  that  meeting  the  plan  discussed  consisted  of  a  multipurpose  Big 
River  Reservoir  project  as  the  main  element  of  the  plan. and  the  two 
local  protection  measures  downstream  (Elmwood  Avenue  and  Warwick 
Avenue  projects)  similar  to  Plan  D.  The  meeting  informed  the  public 
of  the  new  compromise  plan  but  also  mentioned  that  reevaluation  was 
necessary  to  determine  the  economics  of  the  plan,  as  well  as  to 
evaluate  costs  due  to  the  new  elevations  brought  about  by  the  main 
element,  Big  River. 

Although  verbal  acceptance  of  the  State's  interest  in  the  Corps 
pursuing  the  Big  River  Reservoir  studies  had  been  received,  the 
additional  delays  encountered  and  additional  costs  made  it  necessary 
for  this  office  to  have  in  hand  a  letter  signed  by  the  Governor  of 
Rhode  Island  before  any  large  scale  study  or  expenditure  or  written 
report  was  made..  The  letter  was  finally  received  on  9  January  1978 
requesting  the  Corps  to  study  Big  River. 


2-61 


It  became  apparent  that  the  preliminary  reductions  afforded  by  Big 
{liver  Reservoir  needed  minor  revisions  due  to  the  interaction  with 
the  frequency  of  tidal  storms.  Although  reductions  of  2.5  feet  at  a 
100-year  riverine  flood  are  possible  with  Big  River's  flood  control 
element,  when  a  100-year  tide  is  considered  the  net  reductions  of 
only  one  foot  are  predicted.  With  this,  an  increased  height  for  the 
local  protection  projects  downstream  had  to  be  considered  over  and 
above  those  proposed  with  the  Diversion,  schemes.  These  dikes  and 
walls  were  from  three  to  five  feet  higher  than  with  the  Natick 
Diversion  or  one  to  two  feet  higher  than  originally  considered  with 
the  original  Big  River  concept.  The  heights  of  the  single  purpose 
flood  control  system  of  walls  and  dikes  remained  the  same,  but  due  to 
the  detailed  soil  analyses  now  in  hand,  a  significantly  larger  dike 
cross-section  was  necessary  as  well  as  the  addition  of  two  extra  feet 
of  free  board  to  account  for  settling  at  Elmwood  Avenue.  A  descrip¬ 
tion  of  the  soil  conditions  is  described  on  Page  4-52. 

Complete  reevaluation  of  the  Elmwood  Avenue  project  became  necessary 
to  see  if  it  was  economically  justified. 

Alternative  H  -  Two  new  plans  were  formulated.  The  first  is 
fundamentally  the  same  as  Plan  D  with  the  exception  that  the  Big 
River  Reservoir  will  be  planned  by  the  Corps  of  Engineers  and  if 
found  feasible  and  environmentally  acceptable  will  also  be  designed 
and  constructed.  As  the  design  of  the  reservoir  and  its  operation 
would  be  governed  by  the  Corps  of  Engineers,  flood  control  storages 
can  be  carefully  regulated  and/or  controlled.  It  was  then  necessary 
to  determine  the  stage  reductions  that  would  be  evident  due  to  the 
modifying  effect  of  Big  River.  The  results  of  the  hydrologic 
analysis  proved  to  be  very  similar  to  the  initial  assumptions  used 
for  Plan  E. 

However,  as  noted  previously,  one  important  change  became  evident. 
Because  of  the  foundations  and  materials  investigations  and  the 
relatively  dmall  reduction  afforded  to  the  LPP's  in  comparison  to  the 
diversion,  the  heights  of  the  two  local  protection  measures  would 
have  to  increase.  The  overall  effect  on  the  Warwick  Avenue  local 
protection  would  remain  about  the  same  as  with  the  levels  considered 
under  Plan  D.  The  significant  change  occurs  in  the  Elmwood  area 
where  the  reanalysis  indicated  that  riverside  berms  in  the  order  of 
20  feet  wide  will  be  required  to  stabilize  the  dike.  In  addition, 
the  reductions  afforded  under  the  initial  scheme  of  Plan  D  were  not 
as  great  as  with  the  recalculated  values  mainly  because  of  the  tidal 
Influence.  The  costs  of  the  interior  drainage  facilities  also 
Increased  significantly.  The  cost  estimates  for  the  two  local 
protection  projects  as  shown  in  Table  2-20.  The  annual  charges  for 
the  two  local  protection  projects  are  shown  on  the  following 
tabulation. 
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TABLE  2-20 

ELMWOOD  AVENUE  AND  WARWICK  AVENUE  LOCAL  PROTECTION 


Elmwood 

Avenue 

Warwick 

Avenue 

Tot  a? 
Quantity 

Unit 

Cost 

.  {'  *  ,  * 

Preparation  of  Site 

1 

1 

0 

L.S 

"  r  ; 

Control  &  Diversion 

1 

1 

2 

LS 

•  :  '■ .  1*K:0 

of  Water 

Common  Excavation 

42,000 

139,500 

181,500 

4.70 

B  5  .fV 

24"  Protection  Stone 

- 

71 ,950 

24,950 

35.00 

768,? 50 

12”  Protection  Stone 

- 

2,210 

2,210 

35.00 

77,3  V. 

Protection  Stone 

24,000 

13,900 

37,900 

35.00 

1,326,000 

12”  Bedding  Stone 

- 

10,810 

10,810 

3  r> .  0  0 

378, r'  ■ 

Crushed  Stone 

10,000 

10,400 

20,400 

9.00 

lr'vooo 

12"  Gravel  Bedding 

17,000 

17,480 

34,480 

9.00 

3.0,320 

Compacted  Gravel  Fill 

9,000 

14,530 

23,530 

8.00 

188,240 

Compacted  Impervious 

41,000 

33,400 

74,400 

6.00 

446,400 

Fill 

Compacted  Random  Fill 

- 

25,100 

25,100 

4.70 

1  17,970 

Compacted  Sand  Fill 

3,000 

6,930 

9,930 

6.00 

59,580 

Compacted  Pervious 

75,000 

39,000 

114,000 

6.00 

684,000 

Fill 

Topsoil 

2,000 

1,320 

3,320 

8.00 

26,565 

Seeding 

11,000 

7,780 

18,780 

0.60 

11,268 

Bituminous  Pavement 

- 

1,100 

1 . 1  00 

4.00 

4,400 

Concrete  T  walls 

3,300 

5,410 

8.710 

140.00 

1  ,219,400 

Concrete  L  walls 

- 

1,700 

1,730 

140.00 

238,003 

Concrete  I  walls 

200 

250 

450 

140.00 

63,000 

Concrete  Gravity  wall 

- 

650 

650 

100.00 

65,000 

Concrete  Gate  Struc- 

600 

450 

1,050 

140.00 

147,000 

tures 

Cement 

27,000 

47,600 

74,600 

3.00 

27’ ,800 

Reinforcing  Steel 

602,000 

1,170,000 

1,772,000 

.50 

886,000 

Steel  Sheet  Piling 

8,000 

8,160 

16,160 

9.50 

] 53,520 

Structural  Steel  Gates 

- 

23,250 

23,250 

3.50 

81,375 

8"  BCCMP 

5,000 

3,590 

8,590 

6.00 

51 ,540 

Stop  Log  Barrier 

- 

1 

1 

LS 

1 5,000 

Street  Gate 

1 

- 

1 

LS 

75,000 

Interior  Drainage 

1 

1 

2 

LS 

507,000 

Pumping  Station 

1 

2 

3 

LS 

1,582,000 

Pressure  Conduit 

1 

1 

20%  contingencies 

LS 

115,000 
$11,043,4:  ! 
2,206,52  ' 

E  &  D  -  14.0% 

1 ,855,000 

S  &  A  -  9.0% 

]  ,  1 9  5,000 

$Vo.  >o 

Total  with  Lands  and 

Damages  and 

Updated  to  September 

1978  Price  Level 

8 1 8 . 1 00. OHO 
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Interest  during  construction 
Construction  Cost 
Interest  (.06625) 
Amortization  .0001086 
Annual  Charge 


$18, 100. 000 
1 ,800, 00 U 
$19, 900,000 
1, 318,6 00 
2,200 
$  1,320 ,600 


(As  a  result  of  a  workshop  meeting  held  on  3  March  1979,  after  the 
January  1979  flood,  a  new  damage  survey  was  conducted  for  all  homes 
in  the  Norwood-Be Imont  area  as  the  residents  felt  that  damages  were 
actually  much  higher  than  previously  estimated.  All  homes  in  this 
area  were  surveyed.  One  area  resident  har  L^en  out  of  her  home  since 
January  1978  when  the  localized  flooding  completely  inundated  her 
cellar  and  approached  the  first  floor.  The  house  was  almost  ready 
for  occupancy  in  January  1979.  The  entire  heating  plant  and  utility 
room  was  relocated  to  above  the  first  floor  in  a  separate  room. 
However,  the  January  1979  flood  levels  exceeded  the  height  of  the 
raised  room.  As  of  June  1979,  she  had  not  yet  moved  back  into  her 
home  due  to  the  extreme  heavy  losses  she  received.  This  recent 
survey  shows  a  total  annual  loss  of  $381,380  including  the  commercial 
establishments.  The  benefits  remaining  after  the  reduction  in  stages 
afforded  by  Big  River  are  $284,160.  Although  the  benefits  are 
$130,000  higher  than  previously  reported,  almost  50  percent,  the  B/C 
ratio  for  the  Elmwood  Avenue  portion  would  be  $284,000  divided  by  the 
projects  annual  change  of  $550,000  or  a  B/C  of  0.52.) 


Thus  the  total  annual  charges  for  the  flood  control  elements  of  this 
scheme  is  $1,772,600  when  the  annual  charge  for  Big  River  Reservoir 
is  added.  The  average  annual  benefits  for  this  alternative  are  shown 
on  Table  2-14  on  page  2-45.  Although  the  resultant  systems  B/C  ratio 
is  1.07  to  1.0,  the  Elmwood  Avenue  area  in  Warwick  would  cost,  at  a 
minimum,  $6  million  with  lands  and  damages  updated  to  present 
figures.  As  the  protected  area  is  mainly  residential  homes,  the 
level  of  protection  must  approach  a  Standard  Project  Flood.  At  that 
level  there  are  approximately  85  homes  and  10  commercial  firms  that 
would  receive  damages.  At  the  100-year  event  70  homes  and  8 
commercial  concerns  would  receive  damages.  Only  one  of  these 
commercial  firms  losses  are  significant,  but  in  terms  of  annual 
damages  are  relatively  minor.  Considering  the  high  cost  to  protect 
mainly  residential  structures,  the  average  home  would  cost  in  excess 
of  $75,000  each  to  protect.  Few  of  the  homes  in  the  area,  even  with 
the  maximum  relocation  assistance  provisions  added  on,  are  worth  the 
cited  amount.  Even  though  the  area  warrants  some  form  of  protection 
measures  a  local  protection  project  would  far  exceed  the  costs  even 
with  potential  environmental  and  social  trade-offs.  Thus  any  further 
consideration  of  a  local  protection  project  for  Elmwood  Avenue  area 
based  on  the  updated  costs  cannot  be  considered. 


2-64 


Alternative  I  -  The  second  plan  evolving  from  the  reformulation 
consists  ot'  the  multiuse  Big  River  Reservoir,  the  Warwick  Avenue 
local  protection  and  a  proposal,  called  the  Norwood  Land  Bank, 
whereby  the  most  flood  prone  homes  in  the  Elmwood  Avenue  area  would 
be  purchased  by  Federal  interests.  The  same  nonstructural  alter¬ 
natives  considered  with  all  the  previous  plans  would  also  be 
applicable  to  this  scheme.  The  evaluations  of  the  Warwick  Avenue 
protection  would  be  identical  to  those  considered  under  the  previous 
alternative.  The  difference  is  that  the  consideration  for  a  local 
protection  project  for  Elmwood  Avenue  has  been  replaced  by  a  proposal 
for  outright  purchase  of  AO  to  54  homes.  As  with  the  previous 
alternative,  Big  River  would  be  planned,  designed,  and  if  econom¬ 
ically  justified  and  environmentally  acceptable,  built  by  the  Corps 
of  Engineers. 

Prior  to  the  3  March  1979  workshop  meeting,  residents  of  the  Norwood 
area  and  Warwick  officials  had  not  indicated  any  support  of  a  po¬ 
tential  acquisition  program.  After  suffering  flood  damages  in  both 
1978  and  1979  and  facing  the  reality  that  flooding  would  always  be  a 
threat,  residents'  support  of  an  acquisition  program  grew.  A 
petition  (see  Appendix  3)  dated  12  March  1979,  in  support  of  the 
acquisition  program,  was  signed  and  submitted  by  many  of  the 
residents  of  Norwood  area  of  Warwick. 

The  benefits  attributed  to  the  Warwick  Avenue  local  protect -•  on  and 
Big  River  Reservoir  are  essentially  the  same  as  has  been  calculated 
under  the  previous  alternatives.  The  benefits  for  the  Norwood  Land 
Bank  consist  of  those  allowable  using  ER  1105-2-353.  The  annual 
benefits  are  then  converted  to  a  present  worth  value  using  a  fifty 
year  life  and  the  prevailing  interest  rate  of  6-7/8  percent.  The 

benefits  are  only  considered  for  events  up  to  a  0.5  percent  natural 

event,  approximately  equal  to  a  1.0  percent  event  after  modification 
by  Big  River  Reservoir's  flood  storage.  The  total  systems  benefits 
are  equal  to  $1,833,000  as  shown  below. 

Benefits  to  Big  River  $  725,000 

Benefits  to  Warwick  Avenue  $  950,000 

Benefits  to  Norwood  Land  Bank  $  158,000 

$1,833,000' 

The  total  annual  cost  for  the  protection  system  is  $1,315,000. 
Thus,  the  total  B/C  ratio  is  1.39  to  1.0. 

Alternative  J  -  Plan  J  will  be  referred  to  as  the  nonstructural 
plan.  Nonstructural  measures  include  floodproofing,  relocation,  and 
regulatory  measures  to  minimize  flood  loss.  As  regulatory  and  future 
action  measures  are  included  In  previous  plans,  floodproofing  and 
relocation  will  be  addressed  here. 
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Floodproofing  consists  of  those  adjustments  to  structures  which  are 
designed  or  adapted  primarily  to  reduce  flood  damages.  These 
adjustments  usually  consist  of  barriers  on  windows  and  doors  and  a 
watertight  membrane  surrounding  inter! >r  walls.  Many  other  flood¬ 
proofing  schemes  are  also  possible,  .ieiocation  is  required  when 
water  exceeds  the  limits  of  the  f loodp^oof ing. 

Through  initial  screening  it  was  determined  that  flood  problems  with 
Zones  l,  2,  3,  4  A  and  7A  were  minimal  and  so  no  further  evaluation 
was  required  in  these  zones.  Therefore,  analysis  was  concentrated  in 
Zones  4,  5,  6,  7  and  8. 

A  computer  program  was  derived  to  provide  an  initial  screening  of  the 
residential  structures.  The  damage  figures  used  in  the  program  were 
based  on  past  damage  surveys  performed  by  this  Division  for  various 
types  of  homes,  and  the  depth  damage  curves  developed  by  the  Federal 
Insurance  Administration. 

It  is  evident  from  the  figures  shown  in  Table  III-2  where  the  B/C 
ratios  for  the  100-year  and  SPF  are  .10  and  .04  respectively,  that 
this  alternative  as  a  total  system  is  not  economically  feasible. 

While  It  would  allow  portions  of  riverbank  to  be  converted  to  a 
greenbelt  area,  the  social  ramiflcatons  would  be  significant  as  about 
65  homes  would  have  to  be  either  raised  or  relocated  at  a  100-year 
event.  In  addition,  13  industrial  and  commercial  establishments 
would  have  to  be  relocated,  resulting  in  the  direct  lose  of  over  100 
jobs.  A  large  Increase  In  taxes  would  also  be  necessary  to  offset 
the  new  vacant  lands.  At  the  SPF  analysis,  although  more  theoret¬ 
ical,  the  losses  are  much  more  significant.  Table  III-l  lists  these 
relocations  by  major  land  use  category. 

Current  regulations  and  review  requirements  necessitate  the 
presentation  of  a  nonstructural  plan  among  the  final  alternative 
plans.  The  data  used  for  this  plan  is  shown  on  Pages  2-26  through 
2-30.  The  governing  regulation  for  determining  benefits  on  nonstruc¬ 
tural  measures  for  relocations  is  contained  in  ER  1105-2-353.  Most 
of  the  traditional  type  annual  damages  cannot  be  claimed  as  a  benefit 
If  either  relocation  or  evacuation  is  planned.  The  only  allowable 
means  consists  of  determining  the  net  income  earned  by  activities 
occupying  the  flood  plain  with  the  project  plus  that  portion  of  the 
flood  damages  reduced  by  the  project  which  is  not  borne  by  the 
wlthout-pro ject  flood  plain  occupants. 

Structures  such  as  Ciba-Geigy,  the  Warwick  Mall,  the  Warwick 
Industrial  Park,  Bulova,  the  Pontiac  Print  Works  Building  and  the 
Jefferson  Avenue  Industrial  Park  cannot  realistically  be  either 
floodproofed  or  relocated.  Most  of  these  buildings  are  slabs  on 
grade  type  of  construction  with  concrete  block  wall  construction  and 
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extensive  use  of  glass  fronts/windows.  With  the  heights  of  wat^r  to 
be  encountered  the  block  walls  and/or  glass  cannot  be  f loodproofed 
necessitating  relocation  according  to  the  intent  of  the  regula¬ 
tions.  At  the  Ciba-Geigy  complex  an  additional  fallacy  of  the 
f loodproof ing  requirements  is  evident.  Many  of  the  first  floors,  as 
well  as  s'lbfloors  are  inundated  for  the  complex  housing  about  twenty 
plus  major  structures.  Most  range  in  size  between  six  to  ten 
stories.  They  presently  need  expansion  for  increased  production. 
However,  they  do  not.  have  any  available  land  to  expand  upon.  T  they 
were  force!  to  eliminate  usage  of  the  flood  damaged  floors,  they 
could  conceivably  move  elsewhere. 

The  firms  and  areas  mentioned  in  the  preceding  paragraphs  constitute 
over  90  percent  of  the  existing  flood  damages.  Summarizing,  i "  is 
neither  logical,  practical  nor  economically  feasible  to  floodp-oof  or 
relocate  these  elements.  However,  in  compliance  with  current: 
requirements  the  nonstructural  plan  is  included  in  the  System  Of 
Accounts.  As  is  evident,  the  plan  falls  far  short.  of  the  requ  red 
B/C  criteria  necessary  for  project  implementation.  Thus,  consid¬ 
eration  of  this  measure  cannot  be  recommended  for  Federal 
involvement. 


DISPLAY  OF  ALTERNATIVE  PLAN  EFFECTS 
SYSTEM  OF  ACCOUNTS 

This  phase  of  the  analysis  is  the  graphic  present  at  ■’ on  of  the  System 
of  Accounts  for  the  nine  alternatives  which  warranted  further  con¬ 
sideration  as  the  result  of  previous  iterations.  The.  System  of 
Accounts  (as  required  by  "Principles  and  Standards  for  Planning  Water 
and  Related  Land  Resources,"  published  in  September  1973  by  the  Water 
Resources  Council,  and  ER  1105-2-921  "Feasibility  Reports:  System  of 
Accounts")  reflects  the  overall  beneficial  and  adverse  effects  of  the 
selected  alternatives.  This  summary  of  accounts  is  shown  in  Table  2- 
21.  Effects  can  be  readily  discerned,  and  trade-offs  between  alter¬ 
native  plans  compared.  This  is  an  Integral  part  of  the  planning 
process  leading  to  the  selection  of  an  alternative  plan  that  best 
meets  the  goals  and  objectives  of  National  Economic  Development 
(NED),  Environmental  Quality  (EQ),  Social  Well-Being  (SWB),  and 
Regional  Development(RD). 

The  System  of  Accounts  (SA)  displays  informat! on  concerning  the 
geographic  regions  in  which  a  significant  portion  of  any  beneficial 
or  adverse  Impacts  would  occur.  The  following  paragraphs  define  the 
various  regions  analyzed. 

Within  the  Watershed  -  This  constitutes  the  entire  drainage  area 
within  the  Pawtuxet.  River  Basin.  The  watershed  consists  of  portions 
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of  13  municipalities  all  located  within  Rhode  Island.  This  area 
excludes  the  Apponaug  Cove-Greenwich  Bay  areas  as  thc-y  are  located 
outside  the  Pawtuxet  River  watershed. 

Within  the  Rest  of  the  Standard  Metropolitan  Statistical  Are' a  (SMS A) 

In  some  Instances  significant  impacts  occur  outside  the  watershed. 
This  is  the  case  for  Alternatives  A,  B,  C,  &  G  which  involve  di¬ 
verting  floodwaters  into  the  Apponaug  Cove-Greenwich  Bay  areas,  and 
for  other  studies  involving  interbasin  transfers  of  power,  water,  or 
water  pollutants,  and  for  navigation  studies.  Significant  impacts  on 
such  areas  are  likely  to  occur  primarily  as  a  result  of  large  scale 
plans,  either  individually  or  as  part  of  a  system.  In  this  study, 
the  SMSA  is  the  Providence-Pawtucket-Warwick  area,  which  includes  23 
Rhode  Island  cities  and  towns,  plus  10  contiguous  Massachusetts 
cities  and  towns. 

Within  the  Rest  of  the  Nation  -  The  Principles  and  Standards  (P&S) 
specify  components  of  accounts  which  were  considered  in  filling  out 
the  SA.  Only  components  to  which  a  significant  contribution  occurs 
are  displayed.  Subcategorization  of  the  components  displayed  is  used 
to  further  specify  the  source  and  nature  of  the  contribution. 

National  Economic  Development  (NED)  -  The  NED  account  reflects 
increases  in  the  nation's  productive  output,  an  output  which  is 
partly  reflected  in  a  national  product  and  income  accounting 
framework  designed  to  measure  the  continuing  flows  of  goods  and 
services  into  direct  consumption  or  investment.  For  the  NED  account, 
flood  control  benefits  are  shown  for  the  flood  plain  of  Zones  4 
through  8.  This  account  is  filled  out  in  dollar  terms.  Benefits  and 
associated  costs  are  expressed  as  average  annual  equivalent  basis 
using  appropriate  periods  of  analysis  and  the  prevailing  discount 
rate.  Price  levels  for  this  display  item  are  as  of  June  1976. 

Environmental  Quality  (EQ)  -  The  environmental  objective  is  enhanced 
by  the  management,  conservation,  preservation,  creation,  restoration, 
or  improvement  of  the  quality  of  certain  natural  and  cultural 
resources  and  ecological  systems  in  the  area  under  study  here  and 
elsewhere  in  the  nation.  This  objective  reflects  society's  concern 
and  emphasis  for  the  natural  environment  and  its  maintenance  and 
enhancement  as  a  source  of  present  enjoyment  and  a  heritage  for 
future  generations.  This  account,  along  with  the  two  accounts 
immediately  following,  have  footnotes  that  depict  specific  impacts. 

Social  Well-Being  (SWB)  -  This  account  includes  most  of  the  benefits 
traditionally  termed  intangible  under  existing  practice. 
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Regional  Development  (RD)  -  This  account  inr'udt-  impact s  of  the 
proposed  plan  upon  the  Impacts  and  In  terms  oi  resources  displaced  or 
better  used  In  the  event  that  the  plan  is  Implemented-  Other  -  a-r 
pies  are  the  number  and  types  of  jobs  gained  or  lost  due  to  the 
action,  the  effects  that  the  action  has  or.  distribution  of  popu¬ 
lation,  or  losses  or  gains  in  output  resulting  from  external 
diseconomies  within  the  relevant  regions.  If  a  direct  monetary 
economic  benefit  or  loss  is  attributable  to  the  action,  t  is 
included  under  the  heading  National  Economic  Development c 

Nomenclature  -  Footnotes  used  for  tl:  •  Svstem  of  Accounts  analysis  are 
as  follows: 

CODE  MEANING 

General 

YES  Effect  occurs  in  region  shown 

NO  Effect  does  not  occur  in  the  region 

NA  Effect  is  not  applicable  to  the  region 

NQ  Effect  has  not  been  quantified 

NE  Effect  has  not  been  evaluated 

*  Effect  is  specifically  designated  in  Section  122  of 

Public  Law  91-611  as  one  which  must  be  identified 
and  evaluated 

Timing  of  Impact 

1  Designates  that  the  impact  is  expecte  o  -ecur 
prior  to  or  during  plan  implementation 

2  Designates  that  the  impact  is  estimated  lo  occur  1 n 
15  years  or  less  after  implementation  of  the  plan 

3  Designates  that  the  impact  is  estimated  to  occur 

later  than  15  years  after  the  implementation  of 

the  plan 

Uncertainty 

4  Designates  that  the  level  of  uncertainty  associated  with 
an  impact  Is  greater  than  50  percent 

5  Designates  an  uncertainty  range  of  10-50  percent 

6  Designates  an  uncertainty  range  of  0-10  percent, 

thus  suggesting  that  the  impact  is  virtually  certain 

Double  Classification 

7  Designates  that  the  SWB,  EQ,  or  RD  account  item 
analyzed  has  been  fully  monetized  and  counted  as  an 
NED  beneficial  or  adverse  contribution 

8  Designates  that  the  SWB,  EQ,  or  RD  account  item 
analyzed  has  been  partially  monetized 
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Actual  or  Potential  Effect 

9  Designates  that  the  contribution  would  likely  occur 
without  any  action  by  any  entity  other  than  the  pro 
posed  implementing  agency,  or  the  required  action 
is  extremely  likely  to  occur  through  the  economic 
or  natural  physical  systems 

10  Designates  that  the  achievement  of  the  beneficial 
contribution  requires  positive  Governmental  action 
by  another  agency,  other  than  cost  sharing.  The 
adverse  contribution  associated  with  this  action 
would  likely  be  prevented  by  Government  action 

11  Used  when  coordination  indicates  that  the  action 
required  by  other  agencies  would  not  be  forthcoming 
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Sub  left  to  Leas  t 1  oc.d  inn 
SMlthliv  Posit  I V* 

New  I,.J*  MI  intake  Structure 


Slightly  Positive 


!)>ir.n  ton  of  LortAtruut 


<u-±}:'r~<  I  -'»;ve_i.(>£mi-nl 


Less  Flood  threat  -  Positive 
Lands  Now  Flood  Prone  Will  be 
Dry  -  Positive 
>•  tears 


Psyc  hological  pf  fee  t  of 
tunnel  •  Slightly  Negativ 


Lex*  Flood  Threat  -  Positive 
I-ands  Now  Flood  Prone  are  Drv 
Posl t i vr 
L  Tears 


Payrhulnglcai  Effect 
Tunnel  Slight Jv  Negat 


a*  unemployed  -,r  undercayi  loved  ;j 
r'Jcl.ir  inputs  r«ioin  the  labor  to 


reases  in  the  area  Iron  . 

f  he  import e J  I'onat rn.  1 1. 


Increase*  employment 
pian  lmplemvnt.it  1  On 

Increase,  <*mp  fovment 
long  run 


Encourages  King  run  growth  In  the 
f  eg  Ion 

ey i r .1  hie  .Toamun >_t v  t. r : >wt h  « 

Ihtehsi'i,  it  ton  ,,f  existing  land  us. 

contribute  t..  existing  dew  lonnettf 
•v  reducing  depressing  ec.nonu 
effects  of  f  loud  damages 

Reduce  1 1 oo-i  ibsurano,.  premium* 


Removes  restriction  , 

related  Firtam  I  tig  f.i, 

Tf.'ne  properties 

1  omp.lt  lb  le  with  ,-ifv 
lor  future  land  use 


i  federally 
existing  rlowd- 


fm  reuses  Industrial  activity* 
.aJ3J  £f>vexnment_  S^endln^  • 


■sines,  activity  ,nd  tax 


improves  pruperfv  value** 


ir 

a» 

Ho 

m 

to 

No 

0 

2 

Ms 

No 

Ho 

Ho 

4b 

No 

No 

ih> 

Ho 

Downstream  flooding  Seduced 

Positive 

Ho 

Ho 

No 

No 

7  Ho  eat  Purchased 

Several  Utility  Shed* 

No 

No 

Ho 

2  -  At  Co  tty  Cheat cel  Comp  Any 

1  -  At  Warwick  Avenue 

1  -  At  Elmwood  Avenue 

No 

No 

■MI 

Ho 

No 

1  -  At  the  Intersection  of 

No 

No 

Sumner  and  Hill  Streets 

Switch 

No 

Ho 

Reduced  Flood  Stage*  at 

No 

No 

1  Church  and  1  Ceawiarv 

l 

Negligible 

Ho 

Hlghlv  Beneficial  due  to 
Alleviating  Flood  Threat 

Negligible 

No 

K* 

Slightly  Positive 

Ho 

Could  Possibly  Allow  Scltuate 

Slightly  Positive 

No 

I  All 

Reservoir  to  Remain  Full  at 
all  Times  -  slightly  Positive 

tUi 

No 

No 

Exiscing  Recreation  Facilities 
Subject  to  Less  Flooding 

Slightly  Positive 

No 

No 

■ 

No 

No 

New  Dam  at  Intake  Structure 

No 

No 

Ho 

No 

2900 

No 

No 

Ho 

So 

8600 

No 

No 

Psychological  Effect  of 

Ho 

Ho 

Psychological  Effect  of 

No 

Tunnel  Sllghtlv  Negative 

Tunnel  Slightly  Negstive 

!*• 

No 

No 

Less  Flood  Threat  -  Positive 

No 

Ho 

Br»  - 

Slight Iv  Poelttve 

Ho 

Lands  How  Flood  Prone  are  Dry 
Positive 

Slightly  Positive 

No 

No 

Ho 

4  Years 

No 

No 

Te» 

No 

Yes 

Yes 

No 

Yes 

No 

Yea 

Yes 

Ho 

Yea 

Ho 
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No 
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No 
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Ho 
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No 
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Yes 

No 
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NE 
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No 
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No 
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No 
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No 
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Within  Hie  watrtshed 
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Negative  After  vonst rut t ton  - 
Slight lv  Positive 

None  Other  Than  Materials  Seeded  Hone  r  Than  Material* 

to  I  i»r !  f*fn(  the  i'rc'ect  Needed  to  Implement  the  pi 


fewer  Roads  Sub'* 

Positive.  pur l>ip 

begat  Ive 


1 .. 

1--  *»  !  • 

Segat  ; 


■Nil*’  *  i  •  Negat  1 
Slutb'.v  V  >*tt  :■ 
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Some  Roads  ke located  ■ 
SI JgV.t Jv  Ne  til !  ve 


SI  Ight  • v  Negative 


sinesse*  Pr>te-ted 

•i  *sf  ri  .it  concern*  Pi 'terted 

rv.  iral  Sewage  Treatment  Fa.  lilt! 
•  fe-t 

her  Puktti‘  Buildings  Protected 

'ient  ..{  Flood  Prone  Structure* 
onpletr'v  Protected 

,trJ  Pft)-e-t  Flood  Le/el  * 


Businesses  i'rotpi  ted 

fof. stria!  Concerns  Protected 

Hunii  1  r> <»  1  Sewage  Treatment  facilities 

■If her  Public  Building*  Protected 


*  >n  Downstream  flooding 
Re  1  oi-al  lone  Required  * 

Bridge  Modf first  ton*  or  Removal 
■narfa  ‘.p'/pred 

Wit!!*  Important  Sites  Affected 
■  rv. -arches ,  Cemetarles,  etr.  •  • 

fffe-t  on  Publl.  Health  and  Sa'etv  1 

F f fee •  -in  Available  Water  Supply 


f  Earth  Dikes  for  Urjl 
l«n  Prnte.1  (|..  F.  t 
»  Recreation  Activities  • 


F'feri  on  fosmurnttv  Cohesion* 
ft 'erf  in  Community  i.rnvth* 


Duration  of  Const rur t Inn  Activities 


‘  .  1.*.*.* 

l.A.7.1 
l  .*>,*, 1 
l.A.H.9 
• .l.A.R.H 


Downstream  Flooding  Reduird 
Positive 
l  Houae 

1  Shed 

2  at  Celgv  Chemical  Comp an v 
1  at  Warwick  Avenue 

No 

Reduced  Flood  Stages  at  l  Church 
and  1  Cemetary 
Hlphlv  Beneficial  Due  to 
Alleviating  of  Flood  Threat 
Could  Poulblv  Allow  SclluAte 
Rpaervotr  to  Renal  1  Full  at  All 
Times  SliRhtlv  Poattive 

SafstJng  Recreation  Facilities 
Strip  feet  fo  less  Flooding 
Slightly  Positive 
New  Dam  at  Intake  Structure 


[.ea*  Flood  Threat  -  Positive 
I  .and*  Currently  Flood  Prone  at 
Drv  -  Poattive 
A  Year* 


SI Ight lv  Posit ive 


SI  1 ght lv  Poalt ive 


Ye* 

Beneficial  Due  to  Alleviating 
of  Flood  Threat 
Infteaaed  Water  Supply  - 

Poalt  Ive 


:«on 

A 'DO 


las*  Flood  Threat  '  Poalt  lv# 
No 

B  taara  Entire  Project 


SI  vght  U  Posit  I’ 
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PLAN  H 

BIC  RIVFR  gESKRVllJR  WIT*  ELMWOOD  4  MARMltK  AVE  LOCAL  PgQTECTlOti  PROJECTS 
LiTCAT tOti  OF  IMPACTS 


Lhr  If!  L-f  t  hr  SHSA 


Wtl 


riM  j 

>ic  river  >fcLtj.ise  reservoir*  with  Warwick  ave  local  protectumi  project 

AND  HO« WOOD  LAND  BANE 

IflCATIUW  Of  1HPACTS 

Within  t  hr 

«.h«  Watershed  Within  the  ton  of  the  BMSA  Keat_of_iL«  Natl 


Son*  All.-ved 


2.X3I.50.! 


Kune  Allow.  6  (1QHC) 

i ,»oi. *oo 


l. 7:0.000 


l.i  i 

J  11.000 


>00 


)7:.;oo 


Negl  l R lb  le  NO 

-4.4  No 

♦2  No 

-17  So 

♦  IX)  Mo 

No  .Vo 

No  No 

NA  NQ 


No 

No 

No 

No 

No 

No 

No 

No 


No 


-20 

♦no 

No 

NA 


No 

No 

No 

No 

No 

No 

NA 

No 


No 


No 

No 

No 

Less  Chance  of  Septic  Tenk  Overt  low 

Overflow  -  Slightly  Positive 

Negligible 

During  Construction 

Negligible 

Negligible 

During  Construction-  Slightly 

Slightly  Negative,  After 

Negative;  After  Construction 

None 

None 

No 

Ncvst Ive 

So 

No 

Negative 

No 

Loss  of  Wetlands  -  Sllghtlv 

Negative 

No 

No 

Negligible 

No 

No 

Los*  if  Recreation  Are*  - 
Sllghtlv  Negative 


tta  J«o  No 

No 

No  No 


Sllghtlv  Negative 

No 

No 

No 

No 

Slightly  Positive 

No 

No 

During  Construction  -  Slightly 
Negative  After  Construction 

None 

No 

No 

No 

No 

None  Other  Then  Materials 

Needed  to  lapleawnt  the  Project 

No 

Nagst ive 

No 

No 

No 

No 

Soar  Roads  Re  located  - 
Sllghtlv  N«gatlve 

1-9*  Will  Rena  In  Open  During 
Flood  Conditions  -  Positive 

Negligible 

Not  Known  at  this  T  1h 

Not  Known  at  this  Tiae 

No 


No 


No 


Tea 

Benef trial  Do*  to  Alleviating 
of  Flood  Threat 
Increased  Veter  Supply  - 


Slightly  Posit Ive 


2900 

iWO 


Lead  F  Sood  Threat  -  Poalttvs 


30  exclusive  of  acquisition 


27*  excloalve  of  acquisition 


16 

Flooding  Reduced  - 
Positive 

1  Shed 

40  to  *4  Houses 

2  at  Csfgy  Cheat cs(  Co. 
I  at  Warwick  Ava. 

Yea 


Senaf trial  Due  to  Alleviating 

Flood  Threat 

Increased  Water  Supply  - 


Raw  Das  at  Big  Alv«r  Structure 
2400 


t  Nonas  Relocated  -  Negative 
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<  «*v  i* » I  Ion  A.  I 


T1m»  Slightly  Mill** 

Exist Ing  Recreation  Facilities 
Sub  jec t  in  Less  flooding 
Slightly  Positive 
New  Oaa  at  Intake  Structure 

2400 


Leas  Flood  Threat  •  Positive 
Lands  Current lv  Flood  Prone  are 
Drv  -  Positive 

»  Years 


Psychological  Effect  of 
Tunnel  -  Slightly  he  get  lv< 


Slightly  Positive 


PMltlM 


2*00 

8)00 

Ho 

Less  flood  Threat  -  Poeli 
Ho 

i  Years  Entire  Prelect 


■110*1?  Mttw 


R«- c  i  one  J  IV  vi 


Expands  the  labor  force  In  t 

Encourages  long  run  growth  v 


1,2. 6,:, 9 


Yes 

Ye» 


slrsble  Co— unlcy  Otowth* 

Intensification  of  existing  land  uae 

Contribute  to  exiatlng  development 
bv  reducing  depressing  econoair 
effect*  of  flood  damages 

Reduce  flood  Insurance  premiums 

Removes  restriction  on  federally 
related  financing  for  existing  flood* 
prone  proper! les 


Increases  Industrial  activity* 
Taxes  and  Covernaent  Spending* 


laproves  property  values* 

Encourages  auniclpal  expenditures 
to  tap  rove  coasunltv  facilities 
(new  water  and  sewer  lines,  new 
utilities,  improved  or  new  streets)* 


2.3.f 

2,J.« 
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2. 3.6.9 


Poilllv* 
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PLAN  J 


NON- STRUCTURAL  MEASURES 
LOCATION  OF  IMPACTS 


1 .  Nat  tonal  Economic  Dgyg  jpgg^ 

Beneficial  Impact* 

Value  of  Increased  Outputs 
ot  Goods  >*ful  Services 

Flood  Control  Benefits 

Value  of  Output  fron  use  of 
Unemployed .  or  Underemployed 
Resources  in  Construction  or 
Instel 1st  ion 

ARA  Bene  1 1 1 9 
Total  NED  Benefits 
Adverse  Impacts 

Total  Project  Costs 
B/C  RATIO 
NET  NED  BENEFITS 


Enwlron»ent.il  Quality 

Wetlands  (Gained  or  Lost  (♦  Acrel 
Natural  Channel  Bottom  Lost  (Acres) 
Improved  Channel  Bottom  (Gained  (Acres) 
Flood wav  Gained  or  Lost  <♦  Acres) 

Flood  Fringe  Gained  or  Lost  (♦  Acres) 
Dredged  Material  to  be  Spoiled  Uy) 
Anount  of  Rock  to  be  Spoiled  (cy> 
Eliect  on  Marine  Flora  6  Fauna 

i  Water  Quality  to  Pawcunet 


Effect  c 


Rive 


1.6.  a. 9 

1.4.8. 9 

1. 6.8.9 

1.6. 8. 9 

1.6. 8. 9 

1.6. ;. 9 

1.6. 7. 9 

2, 1.6 


Effects  on  Air  Quality* 

Effects  on  Terrestrial  Vegetation 

h'm  °n  LOC*1  w,1<mi*  Breedlnts 

Rare.  Endangered  or  Unique  Species 
Affe.  - 


Af  f  ei 


,  Re. reat Ion  or  Ullneroems  Ar.u, 
e  ted* 

leal  and/or  Archeological  Sites 
-•ted* 

on  Stream  Erosion 


1.6.8. 9 

1.6. 8,o 

2.6.8. 9 

1.9 


al  Resources  Affected 


I. 6. 8. 4 

1.6, 8. 9 


Ef  f  e< 


i  Deposit  1( 


)  Apponaug  Cove 


) ■  Social  Well-Being 
Flood  Protection 

100-Year  Flood-Complete  Protection 

Residences  Protected 
Businesses  Protected 
Industrial  Concerns  Protected 
Schools  Protected 

Municipal  Sewage  Treatment  Facilities 
Protrted 

Other  Public  Buildings  Protected 
Mlscel laneous 

Percent  of  Flood  Prone  Structuree 
Completely  Protected 

Standard  Protect  Plood  Level  - 
Complete  Protection 

Residences  Protected 
Businesses  Protected 
Industrial  Concerns  Protected 
Schools  Protected 

Municipal  Sewage  Treatment  Facilities 
Protected 

Other  Public  Buildings  Protected 


Mist 


Percent  of  Flood  Prone  Structures 
Completely  Protected 

Effect  on  Downstream  Flooding 

Relocations  Required* 

Bridge  Modifications  or  Removal 


6,8.9 

6.8.9 

6.8.9 


1.6. 8.9 

b.8.9 

>,8.9 


Roads  Sewered 


Socially  Important  Sites  Affected 
(Churches,  Cemeteries,  etc.) 


Effect  on  Public  Health  and  Safety* 
F.ffecl  on  Available  Water  Supply 


1.6. 8. 9 

2. 1.6. 8. 9 

2,  ),6,8,9 

2.4.8. 9 


2. 3, 6. 8, 9 


Dam  Mod  I f irat ton  or  Removal 
Length  of  Concrete  Walla  for  Lor* 
Protection  Project  fl..F.) 
Length  of  Earth  Dikee  for  Local 

(I..F.) 


Ef  fa¬ 


tly 


Apponaug  ( 


1.6. 7.9 

1.6. 8. 9 

1.6.8. 9 

2. 1. 4. 8. 9 


Durat Ion  of 


Within  t  he  Watershed 


Within  the  Best  of  the  SHSA 


Reat 


NA 


.*6.14 


•>0G 


Negligible 

Negligible 


Negligible 

Negligible 


No 


No 

No 

No 

No 

No 

No 


No 

Poalt  tve 

Positive  due  to  Relocation 
out  of  Flood  Fringe 


No 

No 

No 


No 

No 


No 

No 

No 


No 


No 

No 


No 

No 

No 


No 

No 

No 


No 

No 

No 

No 


No 

No 


1076 

8? 

40 

5 

1 

8 

12 

48 

No 

616 

No 


No 

posit Ive-Lesa  Flood  Threat 
No 


No 

No 

No 

No 

No 

No 

No 

No 


No 

No 


No 


No 

Negligible 

No 


No 

No 

No 

No 

No 

No 

No 

No 


No 

No 

No 

No 


Posit  ive-Provldea  Additional  No  No 

Open  Spare  Along  River 

No  No  No 


NA  NA  NA 

N<*  No  No 

Relocated  Earn!  I  les  (My  leave  area  N»  No 

Rein,  aled  Famtl  lea  smv  leave  arcs  Slight  Increase  Possible  Negllgtl 

1-10  No  No 


2.1.*.*.* 


taattlv-Frovidoa  Additional 
Opan  Space  Alan*  River 


tffmct  m  berMtiaa  ktMttM 
Pswtuxst  tlvar 


Dam  Hud  If  teat  Ion  or  Removal 

Length  of  Concrete  Wall#  tor  Local 
Protection  Project  (L.F.) 

Length  of  Earth  Dikes  for  Lncal 

Protection  Project  1L.P. ) 

Effect  on  Recreation  Activities  - 
Apponeug  l-'ove 

1.6. 7.9 

1.6, *.9 

1.6. 8. 9 

2,  9 

No 

HA 

KA 

No 

No 

NA 

Na 

No 

NA 

Effect  on  Community  Cohesion* 

Effect  »n  ('oawnlty  Growth* 

2,  M.6.9 

2, J, 5.8,9 

Relocated  Families  may  leave  arua 
Relax  a  ted  Fsml  lies  may  leave  arcs 

No 

Slight  Incre. 

No 

■se  Possible  Negligible 

Duration  of  Construct  ton  Activities 

1.6, 7. 9 

WO 

No 

No 

Regional  Development 

Increases  in  the  area  In  long  run 
as  unemployed  or  unde reap  toyed  labor 
tector  Inputs  rejoin  the  labor  force 

1,6. 7.9 

Negligible 

Negl Iglble 

Increases  In  the  area  from  expendi¬ 
ture  by  Imported  construction  workers 

1.6. ?,9 

Negl Iglble 

Negl Iglble 

- 

Employment* 

Increases  employment  in  area  during 
plan  Implementation 

1.6. 7.9 

Negl iglble 

Negligible 

- 

Increases  employment  in  area  In  the 
long  run 

2,  1.6. 7.9 

»„ 

No 

No 

Expands  the  tabor  force  In  the  area 

1,2,6, 7.9 

No 

No 

No 

Population 

Encourages  long  run  growth  In  the 

2, 1.6. 9 

No 

No 

No 

Desirable  In  Community  Growth* 

Intensification  of  existing  land  use 

2, 1,6, 7,9 

No 

No 

No 

Contribute  to  existing  development 
by  reducing  depressing  economic 
effect*  of  flood  damages 

2, 3. 6, 7. 9 

Yes 

No 

No 

Reduce  flood  Insurance  premiums 

2,), 6, 9 

Yes 

No 

No 

Removes  restrict  ion  on  federelly 
related  financing  for  existing 
floodprone  properties 

2.J.6.9 

Ye* 

No 

No 

Compatible  with  city  wide  objectives 
for  future  land  uae 

2,2, 6,9 

Yea 

No 

increases  industrial  activity* 

2. 3. 6. 8, 9 

Yes 

Yes 

No 

Taxes  and  Government  Spending* 

Increases  business  activity  and 
tax  revenues* 

2. 3.6.9 

Yes 

Yes 

No 

Improves  property  values* 

2,  3.6.9 

Yes 

No 

No 

Encourages  municipal  expenditures 
to  Improve  community  facilities 
(new  water  and  sewer  lines,  new 
utilities,  improved  or  new  streets)* 

2. 1.6.9 

No 

No 

No 

TABLE  2-22 


EFFECTS  ON  MARINE  FLORA  L  FAUNA  * 

SUPPLEMENT  TO  SYSTEM  OF  ACCOUNTS 
APPLIES  TO  ALTERNATIVES  C-I  AND  C-2  ONLY 
AFFECTED  AREA  IS  LIMITED  TO  APPONAUG  COVE  -  GREENWICH  BAY  AREA 


Species 

F  ootnotes 

Yearly  Diversion  Rate 

21'  L  30'  Dia.  Tunnel 

15  Year  Diversion  Rate 

21'  6<  30’  Dia.  Tunnel 

100  Year  Diversion  Rate 

2D  l>  30'  Dia.  Tunnel 

14.  500  CFS  Diversion  Rate 
30'  Dia.  Tunnel  Only 

Winter  Flounder 

Early  Life  Stages  • 
Eggs  a  Larvae 

2.  ».4.  9 

Negligible 

Destruction  of  Year  Class 
in  Apponaug  Cove  and 
.  —  J3£llIiSW_J>f.Qr£enwicli_  £ai  _ 

Destruction  of  Year  Class 
in  Apponaug  Cove  and 
_  fortiori.  2f _Qr  C? 0*0  cji  y_  _  . 

Destruction  Of  Year  Class 
in  Apponaug  Cove  and  Large 
Portion  of  Greenwich  Rav 

Adult  Stages 

2.  1, 4,  9 

Negligible 

Negligible  to  Slight 

Some  Mortality 

Some  Mortality 

Alewjfe 


Adult 

2.  3.4.  9 

Negligible 

May  Affect  Homing 

Instinct  and  Result  in  Loss 
of  Major  Portion  of  Spawn¬ 
ing 

May  Affect  Homing 

Instinct  and  Result  in  Loss 
of  Major  Portion  of  Spawn¬ 
ing 

May  Affect  Homing 

Instinct  and  Result  in  Loss 
of  Major  Portion  of  Spawn . 

mg 

Quahog 

Early  Life  Stages- 
F.ggs  f.  Larvae 

2.  ».4,  9 

Negligible 

Destruction  of  Year  Class 
in  Apponaug  Cove  and 

_ PorUons  Cj f_Qr e  e  n w i ch_ R_a ^  _ 

Destruction  of  Yesr  Class 
in  Apponaug  Cove  and 

_  Portion  ftOtiVQwJchJ\M-  _ 

Destruction  of  Year  Claa* 
in  Apponauc  Cove  mnd  Large 
_  Portion  of  Greenwich  Ha^. 

Adult  Stages 

2,  3.4.9 

Negligible 

Slight 

Minor  Mortality 

Some  Mortality 

Soft  Shell  Clam 

Early  Life  Stages  - 
Eggs  f-  Larvae 

2.  t.4.9 

Negligible 

Destruction  of  Year  Class 
in  Apponaug  Cove  and 
_ _ Portions  <}f_Qreenwi£.h_BajL  _ 

Destruction  of  Year  Class 

In  Apponaug  Cove  and 

_  Portion.  fif_Gree&wich  J3*g.  _ 

Destruction  of  Year  Class 
in  Apponaug  Cove  and  Most 
ol  Greenwich  Fay 

Adult  Stages 

2.  3.4.  9 

Negligible 

Slight 

Loss  of  First  Year  Class  */ 
Possible  Adults  in  Apponaug 
Cove  and  Small  Portions  of 
Greenwich  Pay 

Loss  of  First  Year  Class  k 
Possible  Adults  in  Apponaug 
Cove  and  Portions  of  Green¬ 
wich  Bav 

Gemma  Gemma 

2.  3.6,9 

Negligible 

Benthic  Community  Structure 
in  Apponaug  Cove  Affec  ted 

Loss  in  Apponaug  Cove 

Los*  in  Apponaug  Cove 

Razor  Clam 

F.arly  L  lr  Stages  - 
Egg*  fc  Larvae 

2.  3.6.9 

Negligible 

Destruction  of  Year  Class 
in  Apponaug  Cove  and 
portions  »>f  Greenwich  I3ay 

Destruction  of  Year  Class 
in  Apponaug  Cove  and  Large 
Portions  of  Greenwich  Bay 

Destruction  of  Year  Class 
in  Apponaug  Cove  and 
Greenwich  Bay 

Adult  Stage* 

2.  3.4.9 

Negligible 

Negligible  to  Slight 

Slight 

Some  Mortality 

Mostly  Polychaetes 

2.  3,  t,  9 

Negligible 

Possible  Change  in  Benthic 

Feasible  Change  in  Benthic 

Possible  Change  in  Benthic 

Community  Structure  in 

Community  Structure  In 

Community  Structure  Through 

Apponaug  Cove 

Apponaug  Cove  and  Portions 

out  Apponaug  Cove  and  All 

of  Greenwich  Bay 

of  Greenwich  l*ay 

The  timing  <>f  *  Hood  event  it  important  to  impat  1  prediction*.  Some  marine  animal*  spawn  in  different  season*  and  the  rommenrement  of  spawning  m«v  depend 
on  environmental  qurt,  such  a*,  temperature  or  duration  of  daylight.  The  impact  to  each  animal  listed  has  been  considered,  a*  though  a  flood  event  occurred 
shortly  after  its  respective  spawning  period.  All  animal*  listed  will  not  be  similarly  affected  by  a  particular  flood  event  because  of  their  different  spawning 
period*  and  stage  of  development. 
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DESCRIPTION  OF  PUBLIC  INVOLVEMENT  PROGRAM 


In  keeping  with  the  policy  of  the  Chief  of  Erigi  c~:»  to  on.'uct:  ’ 
Civil  Works  program  in  an  atmosphere  of  public  unde.r. ;  ur-ding,  tru  •> ' , 
and  mutual  cooperation,  all  interested  individuals  and  agencies  m-r.n 
Informed  and  afforded  an  opportunity  to  be  fully  heard  and  hhei;; 
vLews  considered  in  arriving  at  conclusions,  decisions,  and  recom¬ 
mendations  in  the  formulation  of  civil  works  proposals,  plans,  cd 
projects  i id  on  the  proposed  uses  of  navigable  waters.  IvtrmnJ i; 
organized  and  announced  public,  meetings  provide  one  import- ant 
means  of  accomplishing  this  objective  Other  desirable  public 
participation  and  information  measures  each  as  workshops  and  close 
coordination  between  towns  and  individuals  also  contributed  to  thin 
objective. 


Formality  is  Intended  only  in  respect  to  organization  and 
announcement.  The  atmosphere  of  the  meetings  were  informal  to  the 
extent  practicable,  in  keeping  with  the  concept  of  public  involvement, 
ar.d  the  need  "o  encourage  and  develop  more  meaningful,  two-way  commu¬ 
nication* 

The  primary  purpose  of  the  public  meetings  was  to  help  to  insure  that 
solutions  to  flooding  priblems  satisfy  the  needs  and  preferences  of 
the  people  f0  maximum  degree  possible  within  the  bound  of  ■  cal, 
State,  and  Federal  Interests,  responsibilities,  and  authorities. 

More  specifically,  the  purposes  of  the  public  meeting.,  .-re  to  in fern 
the  public  about,  studies  and  proposals  related  to  f  lo  ■in';’  and  to 
give  all  Interested  persona  an  opportunity  to  fully  publicly 
express  their  views  concerning  such  studies  and  proposal e;  to  obfvin 
and  exchange  information  which  will  assist  all  those  involved  s.n. 
arriving  at.  sound  conclusions  and  recommendations:  and  to  contribute 
to  interagency  coordination. 

An  Initial  meeting  was  held  early  in  the  course  of  the  study,  in  May 
1969,  to  advise  the  nature  and  scope  of  the  stud]’,  to  open  lines  of 
communication,  to  listen  to  the  needs  and  views  of  the  public,  and  to 
identify  interested  individuals  and  agencies. 

A  formulation  stage  meeting  was  held  during  the  course  of  the  study, 
In  May  1975;  when  all  alternative  solutions  were  reasonably  known, 
generally  after  the  completion  of  preliminary  studies  but  before  a 
plan  had  been  tentatively  selected.  A  meeting  at  this  stage  is 
critical,  and  its  scheduling  and  conduct  is  given  careful 
attention.  A  major  purpose  of  this  meeting  is  to  present  the  reeulfs 
of  preliminary  studies,  including  the  advantages  and  disadvantages  of 
the  various  alternatives  to  the  extent  that  such  information  has  been 
developed,  and  to  further  develop  public  views  and  desires,  particu¬ 
larly  as  they  relate  to  the  various  alternatives. 
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If  the  preliminary  studies  reveal  that  further  studies  are 
unwarranted,  a  public  meeting  at  this  stage  is  held  only  at  the 
discretion  of  the  reporting  officers,  giving  appropriate  consi¬ 
deration  to  public  participation  concepts,  including  uriusvc’ 

circumstances. 

A  late  stage  meeting  was  held  in  1976  affer  detailed  studies  hut 
before  report  completion.  Findings  of  the  detailed  studies,  inclu¬ 
ding  the  rationale  for  any  proposed  solution,  and  the  tentative: 
recommendations  of  the  reporting  officer  were  presented.  In  the 
event  that,  due  to  the  nature  of  the  study,  the  formulation  stage 
meeting  was.  In  affect,  also  a  late  stage  meeting  and  the  proposed 
plan  was  a  foregone  conclusion  at  that  meeting,  a  late  stage  meeting 
may  he  dispensed  with,  if  approved  by  the  Division  Engineer.  How¬ 
ever,  it  must  be  apparent  that  no  residual  public  moating  requirement 
is  being  imposed  on  the  Board  of  Engineers  for  Rivers  and  Harbors-. 

In  all  cases  where  no  structural  improvements  or  similar  investments 
by  the  Corps  of  Engineers  are  to  be  recommended,  a  late  stage  public 
meeting  will  be  held  only  at  the  discretion  of  the  reporting 
officers,  giving  appropriate  consideration  to  public  participation 
concepts,  including  unusual  circumstances.-. 

An  additional  late  stage  meeting  may  be  held  for  those  studies  where 
there  have  been  no  recent  public  meetings  and  there  are  indications 
that  public  acceptance  may  have  changed  materially  or  that  further 
public  views  should  be  sought.  Similarly,  an  additional  late  stage 
meeting  may  be  held  in  those  cases  where  there  have  he^n  rubstsntive 
changes  in  the  tentative  plan  previously  presented.  Such  was  rhe 
case  In  this  study  resulting  in  a  public  meeting  in  May  1977. 

Following  are  summaries  of  the  public  meetings  held  in  1969,  1975, 
1976  and  1977  in  addition  to  correspondence  received  regarding  each. 


SUMMARY  OF  MAY  1969  PUBLIC  MEETINGS 


f 

To  afford  individual  citizens,  municipal  and  State  ofi.Jcials.  v,  • 
other  Federal  agencies  an  opportunity  to  present  their  views  a,ui 
desires  concerning  the  need  and  extent  of  improvements  on  flood 
reduction  measures  and  other  interrelated  water-oriented  resources, 
in  the  Pawtuxet  Basin,  four  public  hearings,  9,  12,  15  and  22  May 
1969,  were  held  at  the  initiation  of  the  study.  Though  these  four 
public  hearings  were  intended  to  cover  the  entire  Pav/cat.-cic  «  i 

Narragansett  Bay  Drainage  Basin  (PNB)  study  area,  as  mandated  by 
seven  Congressional  Resolutions,  two  of  these  hearings  wore  hold  in 
Providence  and  Kingston,  Rhode  Island  -  two  areas  ccntinguous  to  the 
Pawtuxet  River  Basin. 

All  interested  parties  were  invited  to  be  present  or  represented  at 
these  hearings,  including  representatives  of  Federal,  State,  county 
and  municipal  agencies,  and  those  commercial,  industrial,  r  vie. 
highway,  railroad,  water  transportation,  flood  control  and  other 
interests  and  property  owners  concerned.  They  were  afforded  full 
opportunity  of  expressing  their  views  concerning  the  character  ar  1 
extent  of  the  improvements  desired  and  tic  Tieed  and  advisability  of 
their  execution.  Sponsors  of  improvement  measures  wore  urged  to 
present  pertinent  factual  material  bearing  upon  the  general  plans  of 
improvement  desired  and  to  give  detailed,  supporting  data  on  tb< 
economic  justification  of  the  undertaking.  Opposing  interest:-  were 
also  urged  to  state  the  reasons  for  their  position. 

Oral  statements  were  heard  and  for  accuracy  of  the  r-  'acd,  ell. 
important  facta  and  arguments  were  submitted  in  writ:  ,-g,  r.orae  handed 
to  the  hearing  officer  and  others  mailed  to  his  office. 

Moat  of  the  attendees  supported  and  concurred  in  thin  atudy- 
Excerpts  from  the  record  which  reflect  their  general  altitude  ‘  . o  ; 

The  General  Manager  of  the  Rhode  Island  Water  Resources  Board  hro-p  .( 
attention  to  the  State  water  supply  plans  which,  through  devo lopir.c  ;  . 
of  new  surface  reservoirs  and  groundwater  supplies,  would  pr  da  f  r 
State  with  an  adequate  supply  for  all  purposes  up  the  year  fr.-0« 

These  plans  were  presented  in  order  that  proper  consideration  would 
be  given  in  light  of  the  flood  control  studies. 

The  Warwick  City  Planner,  who  represented  the  Mayor,  spoke  about  the 
damage  created  by  the  flood  of  March  1968  and  the  city's  concern  ,  -  ' 
interest  in  the  investigation.  His  realm  of  concern,  centered  on  t  ’ 
intensification  of  land  utilization  causing  faster  runoff  of  s-ar— v  e 
waters  in  the  rivers,  thereby  giving  greater  impetus  future 
flooding. 
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The  Vice  Chairman,  Pawtuxet  River  Authority,  formerlv  the  Pa:  .  <--*■ 

Rive  •  R.'  1  med  t  he  "Author  it;.-  continuing  p.'rposes  fin  • 

!  'ii'  o  hent  “-i,  “  ;  '\f-  Improvement  or  earti'  /it  -. 

f '  ..  .  ■'  nuisances,  2  m  u.?  «  •  .-  ..jaial  !<>u  o',  so-  ...  -• 

st::-?'  ’•  a  ”  i  -ii  and  Hood  <-  »nfrol,  rotorc3taH.cn,  houM:-.;  aid 

reeve  it  Ion  facU.lt lea  and  'or  seen  oc  ”  '  iiprovom-  ■:  an  pay  !  ‘  1  c 

reason  oly  necrisorv  and  prone  ■;  for  f  ae  m-alth,  welfare  at  id  i  ,-•» 
the  i  >*'ahltaa*’«  of  the  watershed  of  the  pawtuxet  Fiver.' 

Tht  ,i  Honing  de :  -  •  opments  and  nroHoma  wi',,in  i  he  watershed  w->to 
presented.  ?h>:  m  if  prominent  devehoproe;.!.--  ee  visioned  inc  mded', 
uonatru  Mon  of  s  large  wafer  supply  impontv’.iiont  on  the  1'oui  h  P1* 
comp  :  :  or.  i  xtr-nsive  highway  conn  rut?  ion  program  togef.hr  r  v;> ;  ,i 

sb-  ••>  leg  refit---  i  end  expansion  of  t.  re-:.- t  -«er.r  fad?  i  Met.  Some  : ' 
or  o'' 1  •?  is  ■'  i  h--  vi  r -•  me  would  include,  the.  Intrusion  into  the  v  j.re  • 
nf  poorlv  :  d  solid  wast  es  and  erosion  sed' merits  i orming  ben‘  hal 
deposits  and  ti  ttlng  debris,  the  deteriorated  environment,  which 
precludes  canoeing  and  other  recreational  use,  the  reckless  filling 
of  wet !  indn  sod  swarms,  the  fas'  maturing  process  found  in  many  of 
the  lakes  an  i  ponds,  and  flooding. 

A  representative.  otf  the  Appalachia'  M<mt.  'n  :  .ub  (AMC),  Narraganset*. 
Chapter  urged  t.iu.  restraint,  wharov-  -  nossfh  e,  be  used  when  stud” 
considerations  Ineluio  alteration  or  mod’  '  i  cat:  ion  o'-  nat  ural  nt reams 
and  *  hut  all  ecological  factors  bo  weighed.  The  cr cant;: at  hn 
sup  ’ortoii  aba’ -ment:  o  all  pollution  and  hoped  the.?  watershed  are  & 
dove inned  for  wat  er  supplies  be.  not  restricted  to  p  hll c.  rem-oM  on. 

i>ubscv(»ut  to  and  to  supplement  Information  received  at  these  nubile 
mcetiu-  s  and  to  full/  evaluate  and  update  the  inventory  of  fi  e  r,oo?* 
problem  neat  Iona  and  other  water  rescor. ea  needs ,  'otters  request  inn 
such  inU'ttnaMon  were  mailed  *-o  responsible  local  officials,  .honour- 
rear1”,  numerous  Informal  meetings  with  State  agencies  and  the 
?awt-.  ’t  River  Authority,  and  perse  -sal  contacts  with  FecVrn1  agencies 
an  1  individual  cltiaens  were  initiated* 

At  first,  there  was  a  lack  of  interest  resulting  mostly  from  an 
tnawaren-2S3  of  the  serious  flood  problems  to  which  the  Pawtuxet.  River 
watershed  c  -mid  b-?  subjected*  A3  the  study  progresoed  and  the 
potent.la 1  f  loud  problems  surfaced,  meetings  became  men  ••  7rui*  ful  **i>  h 
Indications  of  general  support  and  genuine  willingness  to  partlcipa  p 
In  the  Investigation  of  the  study. 

Since  Initiation  of  this  basic  study,  addition.. 1  requests  for  Federal 
ass Intan  e  In  sol /lag  specific  flood  problems  hare  been  recniertod. 
dome  of  ’he  requests  have  been  considered  under  other  existing 
authorities  available  to  the  dorps  of  Fnglnet  ro,  such,  ao  c "  '  lor. 
of  the  Hood  Control  Act  c  c  19A3,  as  amended.  Ot  her  ret  iio.-;? .-. 


*  r,  r; 
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received  and  processed  came  under  (.he  purview  of  the  ch\>rii:  >  ,i 
anagging  w (ho ■'"*"! ’  as  cover ■  J  in  Sect!  >n  ?03  of  the  r  1  ■  •  ' 

of  19V*,  as  amended. 

Cognizant  of  the  flood  he  raid  ' continuous  encroi- firv-at 
fiood  plains,  the  city  oi  r  rai'-t  ton  requested  flood  pa...: a  .  i  ;  :* 

studies  on  the  Pawtux  t  r'vcr  three  tributary  st.M'an,  namo-v, 
Poeaeaet  'River,  Meshaatleut  and  Furnace  Hill  Brooks  "he  only  n'vhv 
completed  to  date  has  bn  on  the  ?o.\isset  River,  aC'Oi:  •-■vvd 
Roll  Ccnnervatlon  Service,  H.S.  Depart roe nt  of  Agrice sturo.  Orb 
streams  would  be  coordinated  with  the  resultant  plan  of  this  ' 
and  with  ether  Federal  agencies  wht-m  applicable  and  vent'!:  re  ■  in 
completion  in  the  near  future.  All  co  ■'.unities  in  the  bat -In  !?*• 
applied  for  flood  insurance  assistance  under  the  Natlorto. i.  5 1  «v< 
Insurance  Program,  and  are  operating  under  either  the  rr.gul.nr 
emergency  programs. 

Other  requests  for  improvement  desired  included  channel  lodifica:  ion 
involving  various  methods  of  restoration  work  such  as; 

a.  Possible  elimination  of  abrupt  turns  and  oxbows,. 

b.  Widening,  deepening  and  channel  realignment,  of  certain 
stretches  of  river, 

c.  Improvement  of  waterway  areas  at  bridges,  cu  *  '  s  or  :  ..  <>?  >•<- 
constriction  points. 

d.  Selective  planting  and/or  revetment  works  for  ;.c  via'  • 
erosion  proolema. 

e.  Removal  of  shoals,  sandbars,  and  piles  impeding  ml nor  flood 
flows. 

f.  Removal  of  vegetation,  overhanging  trees,  shrubs,  and  accumu¬ 
lated  silt  and  debris  at  critical  points. 

Numerous  other  requests  were  made  involving  the  removal  or  structure 
stabilization  of  old  dams  a3  well  as  modification  of  existing  ?akes, 
ponds  and  reservoirs  for  providing  an  added  measure  of  flood  protec¬ 
tion. 
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SUMMARY  OF  MAY  1975  FUSTIC  MEETING 


■  in  5  'la..'  and  A  May  17/5,  public  r,  v  r-  •  >  c  •"  •■.' 

Or  -'ns*  rn,  Rho  le  Island  to  h:a"  .-c-.-k  r .<  r  o'  -.be  a iter  •'  ’  •  ■  or.s 

:• '.corning  flooding  and  related  p’  >t«  ms  -v  the  'c-.irs  r.r.f  :  rs  ■  .  lie 
‘  ; ’licet  River  a.'-l  tributary  s' . ■  •ann.  ;e«  >f  the  unci  no  v.  ♦  ■ 

S'.v'a  700  individuals  and  organ  nations,  p;  ra  lnally  in  Rhode  Jr’s  •  1. 
with  ah  >«t  120  In  attendance  between  the  two  meetings.  The  raoeti  :gs 
began  ■„  L  h  an  overview  or  the  INb  st  idy  followc-d  by  a  prese-tatl 
e  plain  p.jj  the  tot  'ideal  aspects  of  ho  .•  It.  •  *uat  I  ve  plans  propose  \ 
f  'V  the  Pawtuxet  R!  ---r  Basin.  Pxplai ned  wer  •  -.“loan  appr» :  rher. . 
b.  r.h  struct  a  r  •-■.'!  v  ‘  structural,  which  wo.-.,  'nvest  i  gated  *••• 
a.  la  vi  at  a  the  E  io  >  i  Lng  problems..  The  most  -rive  utrnc*ar>il 
anas  ares  :>r  v>osed  it  that  time  were  the  s;o  oal’od  plans  "A",  "A-l- 
B  ",  "B--1  ,  "C",  and  "D".  Altera  >:  es  "A  and  ’A-!."  involved 

ti-ious  systems  e-'  walla,  dikes,  and  e.havr.nl  mod? fic -v-;,-nn.  Plans 
"B”  and  "3-1'  prepared  different  a  •.  T.gnmeats  of  the  eo-eal  j  e.d  Pontiac 
Diversion  end  plans  and  "C-i"  wh* • h  involved  the  Natick  Diversion 
In  con.j'mct  ••  •  *:h  additional  n-etoctlon  works.  Alt'-rnot;  "IV  rin 
the  Warwick  ho  u  Protection  Proioot,  Major  emphasis,  at  t  his 
meeting,  was  r lac  id  on  the  Natick  Diversion  as  Jr  would  have  a 
substantial  i  nf  loan. a:  on  reducing  flood  lose  i  :  I  n  ic,v«?  portions  of 
the  river. 

Input  by  the  people  at  these  meetings  was  favorable.  I’.ommarto 
generally  ware  in  support  of  the  project  end  the'  the  Corpr  c  ■ 
engineers  continue  its  study  of  the  Pawtuxet  watershed- 

A  resolution  w,is  read  by  the  Want  Warwick  Town  Planner,  glvise.  <  » 

project  support  by  the.  Town  Council  pending  the  re •-.•_» J t*:  t*'o 

environmental  impact  statement.  "Senator  Toe  Walsh  rend  a  str t emen* 
landing  support  of  the  State  of  Rhode  Island  General  rssembl". 
Representative  Ray  McDonald  presented  a  resolution  identical  i  o  that 
of  th  nates  from  the  House  of  Represent at iveo .  Govt,.  Mno.u  Gerald 
Gibbons  voiced  his  support  for  the  continuing  study  o-  the  di vers  ion 
plan. 

The  Mayor  of  the  city  of  Warwick,  also  supported  the  continuance  of 
the  diversion  project  through  Mr.  William  E.  George,  City  Planner  for 
Warwick.  He  a  so  stated  that  the  formal  city  position  will  be  made 
within  60  days  of  receipt  of  the  environmental  impact  statement  or  1 
other  economic  data.  Also  several  of  the  residents  of  the  affected 
areas  also  gave  comments  In  suo-ort  of  the  proposed  project,- 

Questions  which  were  asked  by  attendees  of  the  meeting  centered 
mal.ily  on  the  affects  of  the  sub  surface  tunnel  on  the  structures 
above,  potential  Impacts  on  Apponaug  Cove,  affects  on  spool  1 in  homo- 
Ir  '  t  *  flooded  area  and  why  certain  areas  were  omitted  *b*c-m  recoir 
i  cv^i  protection. 
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One  resident:  of  Warwick  asked  questions  expressing  concern  J n  several 
areas.  First  ha  wanted  to  know  the  affects  of  turbulence  .'aus <-  ’  (>/ 
the  outfall  of  the  tunnel  In  the  Apponuug  Cove  rca  with  rt'Spu-::  -> 
his  home.  in  that  area  and  eros'on.  Also  he  wanted  to  know  how  :  .t 
diversion  of  flood  water  would  affect  the  flooding  pr.  b  Joins  in  •  he 
cove  area.  A  third  a  oa  of  consideration  centered  itself  on  the 
araout.!  oZ  silt  '  '  uid  be  deposited  in  the  cove  and  Juot.ly  f.!.n 

environmental  Impacts  imposed  on  the.  Apponsug  Cove. 

In  response  to  turbulence  the  MED  staff  pointed  out  that  the  higher 
velocities  caused  by  the  outfall  would  be  confined  within  the  st.ru;. 
tured  cell  of  the  tunnel  and  would  b>.  dissipated  greatly  as  ft  < -tera 
the  cove.  As  far  as  silting  and  deposition  is  concerned,  the  Corps 
Is  responsible  for  maintaining  all  Federal  channels  that  they  dre Ige 
so  it.  would  behoove  them  to  prevent  causing  tilting.  If  is  the 
individual's  responsibility  to  prevent  dumping  into  tb-  rivor, 
causing  pollutional  a3  well  as  silting  problems.  When  something  gets 
thrown  in  the  river  it  acts  as  a  little  check  dam  with  a  resultant, 
buildup  of  silt..  The  NED  staff  could,  not  give  a  definite  anew- -v 
regarding  the  potential  environmental  impacts  since  the  impact 
analysis  had  not  as  yet  been  completed.  It  was  noted  that  they  wan' 
to  determine  what  the  hydrologic  condition  in  the  cove  would  be,  in 
particular  the  stress  put  on  the  biota  ns  a  result  of  the  mixing  of 
salt  and  fresh  water.  A  question  was  raised  concerning  the  mod:,  icn - 
tlon  or  removal  of  Broad  Street  Dans  in  order  to  a1  V-  ,-?.u.~e  the 
flooding  In  a  driveway.  The  NED  staff  stated  that  ..•  t-.vaJ  w ,  .ii  have 
no  effect  since  the  water  comes  up  above,  the  dam  as  1  vests  If  of  the. 
tides  anyway. 

Res  pome  was  made  to  questions  presented  in  a  letter  from  the 
Department  of  Planning  and  Urban  Planning.  The  first  question  was 
could  we  (the  Corps)  regulate  Scituate  Reservoir,  Flat  River 
Reservoir  and  the  proposed  Big  River  Reservoir  in  lieu  of  much  of  the 
structural  features  that  we  are  considering.  The  response  was  that 
it.  has  been  considered  and  included  in  the  analysis.  The  modifica¬ 
tions  necessary  to  provide  flood  control  at  these  sites  would  result 
only  in  70%  of  the  flood  control  provided  by  the  Natick  Diversion. 
Also,  in  the  case  of  Flat  River  Reservoir,  additional  water  supply 
storage  would  be  needed. 

Another  question  posed  was  to  what  extent  will  the  proposed  diking 
intensify  downstream  flooding.  It  was  stated  that  some  of  thn 
storage  along  the  floodplain  would  be  lost  due  to  d4 king  but  that 
would  be  outweighed  k  the  amount  of  reduction  the  diversions  would 
provide.  The  next  question  dealt  with  the  extent  to  which  existing 
small  dams  could  be  used  as  flood  regulators.  The  staff  responded 
that  small  dams  can't  be  used  because  of  their  insufficient  ;  f'r.jg« 
capacity.  AIbo  posed  was  a  question  about  the  possibility  <v:  channel 
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modification  as  a  means  of  reducing  flood  stages*  The  acw-.-v  gi  •:  n 
was  that.  ..*■  would  not  he  practical  due  to  the  hydraulic  •-  •  r  th 

river  and  oxbows  in  general-  The  next  question  van  in  r- ■•■’i:\dc  to  th 
disposal  of  rock  excavated  from  the  tunnel  area.  The  l."  ;  .’rr 
stated  that  some  of  the  rock  would  he  used  at.  the  Norwood  l.o;  •  l 
Protection  Project  and  the  remainder  either  sold  or  disposed  of  .a 
some  other  aianner. 

A  res  ident  of  Vancouver  Avenue  was  ecneo about  an  e  isement  and 

clear  title  to  his  heme  if  the  tunnel  ran  directly  beneath  the  house. 

The  NTD  staff  responded  by  stating  that  th.;-  Government  would  (a!  on 

easement  and  added  that  It  shouldn't  affect  the  potential  sale  of  Mr 

property  while  mineral  rights  and  other  details  would  be  covered  ••-> 
th  •  agreements  signed  by  the  affected  people. 

One  resident  expressed  the  only  anti-tunnel  concerns  at  ?:hose 
meetings.  They  stated  that  they  would  not  live  above  the  tunnel  and 
felt  that  it  was  unfair  that  they  be  subject  to  this  while  nT  the 
same  time  their  garage  was  subject  to  flooding.  Also,  why  couldn't 
the  tunnel  be  routed  into  Greenwich  Ray.  The  NP!D  staff  stated  that 
diverting  into  the  Bay  had  been  studied  and  it  was  determined  to  be 
infeasible.  While  no  plan  can  protect  everyone..  Corps  representa¬ 
tives  would  be  down  to  talk  •in*>  ry  to  make  suggestions  to  cure  fV  : - 
flooding  problems. 

A  resident  of  Sumner  Avenue  raised  the  question  as  to  bow  f '  horror, 
along  the  river  would  be  affected  by  the  dike.  Th<  NIT  ' 

explained  that  the  pre.r.ent  alignment  of  the  dike  would  at  foe*  f  v- r  or 
five  homes.  These  homes  would  be  moved  back,  remaining  in  -rro 

neighborhood.  Tine  extent  of  the  move  had  not  yet  been  dc'vrmt  n ' 

A  resident  of  West  Warwick  was  concerned  about  flooding  problems  in 
Baker  Street  Brook.  They  made  it  a  matter  of  record  that  the  people 
abutting  the  brook  would  like  to  be  part  of  the  project  if  at  all 
possible. 

Residents  of  Warwick  questioned  the  affect  that  drilling  or  blasting 
would  have  on  the  homes  at  the  surface.  The  NED  staff  stated  that,  at: 
the  present  time  the  conventional  measures  of  drilling  end  blasting 
were  being  considered  although  if  the  bedrock  conditions  are 
favorable  a  mole  will  he  used.  The  mole  is  like  a  large  hand  drill 
that  chews  away  at  the  rock.  The  staff  didn't  know  exactly  chat:  the 
blasting  affects  would  be  although  subsurface  explorations  w,  re  be;  or, 
made.  Successful  blasting  has  been  done  at  other  Corps  projects  and 
the  specifications  included  provisions  so  that  an  excessive!  /  lar^e 
charge  is  not.  used. 


t 


CORRESPONDENCE  FROM  1^75  PUBLIC  MEETING 
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t:>  '■  'jo-i 

nf  SUjoiif  Jalatifc,  Set. 

In  Gkneral  Assembly 

JANUARY  SESSION.  A  D  19 7^ 

sewatk  RESOLUTION 

RESPECTFULLY  REQUESTING  VUE  UNITED  STATES  ARMY 
CORPS  OF  ENGINEERS  TO  CONTINUE  THE  WATER  RESOURCE 
STUDY  OF  THE.  PAWTUXET  RIVER  BASIN  ESPECIALLY  THE 
WARWICK  AND  NORWOOD  LOCAL  PROTECTION  PROJECTS. 

WHEREAS,  Following  tits  heavy  damages  suffered  during  the  storm: 
of  March  10E8  and  February  and  April  1970,  a  study  was  undertaken  to 
improve  flood  control,  navigation,  water  supply,  water  quality  control 
and  hilled  water  use  of  the  Pawtuxet  River  basin;  and 

WHEREAS,  A  comprehensive  approach  by  Federal,  state,  local  and 
private  agencies  to  flood  control  management  provides  optimum  development 
of  water  resources ;  and 

WHEREAS,  The  Pawtuxet  River  Basin  which  5s  subject  to  both  rl 
and  tidal  floods  has  experienced  disacterous  floods  in  1916,  19j8,  8 

and  twice  in  1970;  and 

WHEREAS,  Since  the  1968  flood  tlie  entire  basin  has  undergone 
significant  land  use  changes ;  and 

WHEREAS,  The  Warwick  Local  Protection  Project  will  provide  dikes, 
walls,  thus,  affording  protection  to  over  two  hundred  homes,  businesses 
and  Industrial  establishments;  and 

WHEREAS,  The  Norwood  Project  would  provide  a  dike  to  afford  a 
substantial  degree  of  flood  protection  for  the  residents  of  Elmwood 
Avenue  in  Warwick;  now,  therefore,  be  It 

RESOLVED,  That  the  U.3.  Army  Corps  of  Engineers  is  hereby 
commended  for  their  excellent  work  and  is  respectfully  requested  to 
continue  the  water  resource  study  of  the  Pawtuxet  River  Basin,  especially 
the  Warwick  arid  Norwood  l.ocal  Protection  Projects;  and  be  it  further 
RESOLVED,  That  the  secretary  of  state  be  and  he  hereby  Is 
authorized  and  directed  to  transmit  a  duly  certified  copy  of  this 
resolution  to  the  United  States  Army  Corps  of  Engineers. 


fctatr  of  Rtjaiir  island  and  Jlrumbuue  JllanlulumB 


Srpartinfiit  of  £>late 

(Dffirr  of  ‘Ijr  £rrrrtarfl  of  &tatr 


•  $, — —  - m)bert_p_._  burns - ? /ccwtamy  of  £/iate 

of  't/to  tak  of  i//t/cdc  jfjand  and  d/ncwde  nee  ifflaidationA. 
Ijrrrbij  (Errtifg  //tod  t/uafon&yciney  tit  a  true _ 

cof  y  Of  -  s*nate  Resolution  ( ?r--3  1104)  anti  tied  SENATE  RESOLUTJ  ON 
RESPHCTFLLL/  REQUESTING  THE  UNITED  STATES  ARMY  CuRPS  OP  ENGINEERS 


TO  CONTINUE  THE  WATER  RESOURCE  STUDY  OR  THE  PAWTUXKT  RIVER  LAS IN 
ESPECIALLY  THE.  V/ARJICK  _ANLLfJC!i>/OOD_  LOCAL  pROTB.’flON  PROJECTS ;  the 


same  being 


ta/en  front  t/e  records  in  l/ij  office  and  can  fund  toil/  t/c 


oniyina/ Jaz 


( Vb-S  1104)  passed  in  the  senate  a 


tit > '  January  Session  of  the  General  Assembly.  A.  i).  19 .  on  tl; v._ 
sixth  day  of  May,  A.  D.  197b. _ _ 


and  note  nomai/antf  on  fi/e  and  of7 recced  in  i/iit  office. 


3n  Q>r«!bnj)iiit  Hhrrrnf.  ,/ /,a„r 

led  my  /</>*</  true/  afftxn/  d/e  .)<  // 
»j/*  d4r  ■  /leidr  of  t  'JlAeatf  ,  /rf'lllt/.  tin 

- -  ...  se-'enl.lx - ,/,-y  ,f 


May 


c/  :/ 


".te- 


Srcrart  -y  of  Srof>\ 


<  If) 


^tat?  of  ffiUjofo  Jalanii,  &r. 

In  General  Assembly 

JANUARY  SESSION  y'.  D 

HOUSE  RESOLUTION 


RESPECTFULLY  REQUESTING  THE  UNITLi’  STATES  ARMY 
CORPS  OF  ENGINEERS  TO  CONTINUE  Til!,  WATER  RESOURCE 
STUDY  OF  THE  PAWTUXET  RIVER  BASIN  ESPECIALLY  THE 
WARWICK  AND  NORWOOD  LOCAL  PROTECTION  PROJECTS. 

WHEREAS,  Following  the  heavy  damages  suffered  duri the  storms 
of  March  1968  and  February  and  April  1970,  a  study  was  undertaken  to 

J 

Improve  flood  control,  navigation,  water  supply,  water  quality  control 
and  allied  water  use  of  the  Pawtuxet  River  Basin;  and 

WHEREAS,  A  comprehensive  approach  by  Federal,  state,  local  ra-- 
private  agencies  to  flood  control  management  provide;,,  optimum  devrl'  on 
of  water  resources;  and 

WHEREAS,  The  Pawtuxet  River’  Basin  which  is  sub,; or!  to  hoi h  rl  <r-r 
and  tidal  floods  has  experienced  disasterous  floods  in  3936,  1938,  1968 
and  twice  in  1970;  and 

WHEREAS,  Since  the  1968  flood  the  entire  basin  has  undergone 
significant  land  use  changes;  and 

WHEREAS,  The  Warwick  Local  Protection  Project  will  provide  dike:.: 
walls,  thus,  affording  protection  to  over’  two  hundred  hemes,  businesses 
and  industrial  establishments;  and 

WHEREAS,  The  Norwood  Project  would  provide  a  dike  to  afford  a 
substantial  degree  of  flood  protection  for  the  residents  of  Elmwood 
Avenue  in  Warwick;  now,  therefore,  be  it 

RESOLVED,  That  the  U.3.  Army  Corps  of  Engineers  Is  hereby 
commended  for  their  excellent  work  and  is  respectfully  requested  to 
continue  the  water  resource  study  of  t.he  Pawtuxet  River  Basin,  especial  1 
the  Warwick  and  Norwood  Local  Protection  Projects;  and  be  it  further 
RESO  ,VED,  That  the  secretary  of  state  be  and  he  hereby  is 
authorised  and  directed  to  transmit  a  ciuiy  certified  copy  of  this 
resolution  to  the  United  States  Arrry  Corps  of  Engineers. 
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Statp  of  fihoiip  3alanii  attb  $Jrmt»bpurp  plantations 


Spyartmpnt  of  $tntr 

•flff'.rf  iif  Itfp  Ujrrptarg  af  dtatp 

jfLx^RIl’K  J] L._  .MA3SAKO  Fi  cutDeprtv  fffcjtetmty,  off [/Ltc 

fft/ie  [/fate  cf  J/jicde  Ji/and  and  t/nawd&nct:  0/an/ationb, 
ijprpby  ffiprtify  Mat t/ie  ajvneyoiny  ts  a  4w  .ypcogr  .rii.Lc  _ 

CC^lif  -  a-Ho.US£.  Ke.S.0 luiiim  (75H-65441  cut  i Lied  HOUSE _ 

RESOIUTION  RESPECTFULLY  REQUESTING  THE  T.INITFD  STATES  ARMY_CORPS 
OF  ENGINEERS  TO  CONTINUE  THE  WATER  111  SOURCE  STUDY  OK  THE 
PAWTUXET  RIVER  BASIN  ESPECIALLY'  THE  WARWICK  AMD  NORWOOD  LOCAL 
PROTECTION  PROJECTS.;  the  same  being 


tadrn  from  t/te  word  in  t/trt  office  and  cont/iawd  mti;  t/>c 


onifjfina/  House  Resolut  on  7r>H-fi544  passed  in  the  House  of _ 

Representatives  at  the  January  Session  of  the  General  Asseirb1  y , 
A. 13.  1975  on  the  seventh  day  of  May,  A.D.  1075  •- 

and  note  remaining  on  ff/t  and  w  cowl  in  t/m  office. 


,i  >  u 


IfBltmxnil(  Whrrrnf,  ■  i  /tat*r  irrra /Mr 
ie/  *ny  /nmt/  am/  a^/<Xf '/  Mr  srai 
!>/  Mr  ff/a/r  of  .  Mirt/r  ti/anM.  //« 
_ fi2h«L . —  May  ,/ 

_ __  May _  s/j  /,9J— 


Fir.^t  Deputy 


Secretary  of  State 


« 


At  a  Spec  ial  Meeting  of  t'-e  Town  council  I  i.l  the  '•"ewe.  «*./ 
West  Warwick  held  on  the  7th  day  of  May  A.  D .  1 ;i  7  5  ,  ail 
members  being  notified  and  a  cjuc  aw  being  present  the 
following  RESOLUTION  was  unanimously  adopted: 

RESOLVED ,  that  WHEREAS ,  the  ha tick  Diversion  Tea * or t 
proposed  by  the  New  England  Division  of  the  my  Corps  of 
Engineers  i>  in  the  best  interest  of  the  Citizens  of  Wo-;' 
Warwick  in  that  it  will  prevent  flooding  in  the  Flood  )’!ain 
along  the  Pawtuxet  River  in  a  portion  of  H .  f.  <  f.  ensue  reef , 
Rhode  Island  205,  locally  designated  as  Mafic!'  Elat  • 
he  it  Therefore  Resolved,  that  the  To  o  f.’  inH  l 
the  Town  of  West  Warwick  supports  said  project  in  ft.c  n’tenf 
pending  the  results  of  a  comprehensive  Environmental  impact 
Statement  on  the  Pawtuxet  River  Basin. 


A  TRUE  COPY. 
ATTEST : 


♦ 
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CITY  OF  WARWICK,  RHODE  ISLAND 

D*  PARTMENT 
Ui-  CITY  PLAN 

:1m *>.«..  02836 

» 4*0 ! :  v  s  7  -a  i!  n  t;xr.  e  3 

'M*m1  cr  *  .*.•  JlVJc 
wiui) 


;■  iay  c’ ,  .A* ;  > 

vw.loiw  L  John  H„  Mason 
•>i  7j  s  •  jti  r-agizieer 

:  i  dentes  Army  dorps  oi  Engineers 

a2-i  i r'tjpc'-io  Rond 

Waltham,  Massachusetts  02 IS 4 

Re:  Pawiicait  River  basin  Flood  Project 
aear  Mason: 

.1  h.  ,.c.  .at.1  ,;ia:  Cue  Mayor,  members  of  the  City  Council,  and  various 
■•'o  o  vo;1.  -.-.-.nod  have  held  informal  discussions  on  the  Pawtunet 

•!;  <>■  n  -Joed  i  «.»>(•  of.  It  tn  notcu  that  the  project  was  initiated  by 

-.-  ;„rw.n  k.  oj.  j;«sul,-  or'  the  1968  flooding,  'ihe  record  of  the 

ts-.it  ic’d  <' h«.  S.'itoato  Reservoir  been  full  when  tire  1968 
■  s  ...r.  ,  •'  -i.w  have  .-.ncreased  from  $500,00-.,  to  $15,000,000, 

..  .  .  van  • "  .•siriiwj.more,  significant  land  use  changes  have 

<>'••  ••  •••  1  '  .  .fi.-:  ,-iJ  construction  hna  occurred  in  the  river  basin  involv- 

L\-  HU  oi>  ,  Warwick  Mall  (two  shopping  cen’  ers  which  presentry  occupy 

t,  l:‘u  s.  ...  feet  of  'loot  space  and  nave  a  total  of  125  retail  stores), 

•'••j »  -a  .'  no. i  ;  the.  de  l  Mo  •  'umplex,  Bulova  Company,  Ciba-Oeigy  Chemical, 
a.  ■>  .  >du;itci.a'l  pari;* :  value  oi'  real  property  exceeds  a  low  of  90 

n-nv.i  .»  higr  -f  }>)()  million  with  approximately  4,750  jobs  in  the 
...i  i  i  ■  tom »  In  addition,  the  City  Sewerage  Treat- 

;  ay  j  .-.as  ..  ruo  river  basin.  Xu  excess  of  200  families  in  tire 

1ms..1  .  •  i  •  he  rf-.’-cted  oy  a  100-yeav  i.lood.  These  are  salient 
tUat  .  n  ot  ho  treated  in  a  .l  ight  manner. 

-  of  Warwick  f-viuests  that  tn-:  on-  going  study  on  the 
w  .ih  tri  o  local  protection  projects  included  be  continued; 
i.  nsseortiaar,  ts  bo  conducted,  and  that  coot  benefits  be  more 
A,;  '.*.c.  environment  a-o  ..  -n-.eut  and  cost  bent-fit  information 
•••;■.!  ,oc -tir'd,  a  format  finding  is  not  being  mode  on  this 
;i.H  -lily  of  Warwick. 

v.».  ;  da-  j  h  is  been  presented  an.!  various  options  reviewer  .  tie 
-  W.  ..wic*  .mIi.  c^iward  its  recommend- 1  .oi.,  Ihis  will  i  c-  done  within 
!  nib.  i-  -.i i -.  .i  of  the  necessary  ini ot.’iat  1  cn, 

*  '  -  .  7  .  .  C  !  A  U*  *  . 

Vl  L  li  f.rtl 


-iatlck  *- 

..i/i-  ; 


m 


-i 


"Vec'A  5-Mr 

P  1  _i  J ...  c  K 


He,  t».c-  undersigned,  are  residents  of  the  iLelment  Part 
section  of  Norwood,  in  warwietc,  ti.  i. .  Althou -h  v;e  are 
unable  to  attend  the  meetings  on  t:ie  1m  stick  Livers  ion, 
tMorwooa  and  Vvarwloic  Project.. § .  we  would  line  to  mate  it 
i:nov;n  chat  we  would  like  the  Army  corps  of  bnrineere 
to  conoiuue  with  the  study  of  the^e  projects,  aB  we  are 
in  great  need  of  protection  from  the  Pawtuxet  Kiver. 

•» H ;n:  ■»  x  r  p r  pppppp * # <i » r- *  « «•« <:  e <>«<:* * * ***« •» <:  * ■>< « 


*■«*•**  f  v  T  I  T  I  ;  ^  **■»«■« 


be,  x,he  residents  of  Belmont  Park,  located  in  the 
Norwood  section  of  Warwick,  H.  I.,  would  like  to  go 
on  record  as  being,  in  favor  of  the  Army  Corp3  of 
kr-lneerg  continuing  their  studies  of  the  Natick 
Dlversi or. ,  and  Norwood  and  Warwick  Projects . 


^  ~ #*■*■«■« **•» rr-K-fHt-rr-if-jf-R-s-ieTHr-rr-KC-suHf-s-K-inf **■*!•«■»•*■»««•* 


:  'P  '  t'it.  j.-s'— .  i/l  .  .i  ^  ^  y^1'  ^  _ _ 


/  . 

±1?  -  i.  ^  i-1  t.. 
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Tin*  residents  of  Belmont  Park  ^ako  have  a  serious,  legitimate  complaint  about 

iuo.J.it",  problems.  The  people  of  thac  area  want  and  deserve  protection  and  the  cii 

_ c‘i «?.  i .'•■  Jlc>  f  w  jIO'l a-*4,  v?!  O •xAfi.l.'VW* HOt+jL  ~~ 

1  >  v(  .ii  ..i  libation  to  provide  it. 

m  4 

l,i'  SiCuatroii  in  this  area  Is  precarious  because  the  city  has  allJwed  growth 
on  the  I’i.ou  plain,  tlie  state  has  opened  the  flood  gates  at  the  reservoir  and  the 
..  . .  ;u-  of  che  river  when  Route  95  was  constructed. 


t  have  been  directly  involved  with  the  residents  in  this  area  for  several  years, 
i  pc.  ,  .'anally  got  involved  filling  sandbags  to  build  dikes  to  stop  flooding  several 
.  ,  ahd  i.  requested  that  the  Army  Corps  of  Engineers  come  up  with  a  program 

i;  >  all.  viate  flood  problems  for  these  people/  and  I  have  stated  at  prior  publ  ic 
heat  m;.ui  i  hat  some  plan  for  relief  must  be  developed. 


ne..vu-va:  :  have  been  raised  concerning  the  proposed  diversion  tunnel  in  terms 

no.  i.  :  j.i,  i  he  cost  factor  and  possible  adverse  a  1. feels  on  some  sections 


u  line  •  _h:.:  ,  ae  Arm}'  Corps  of  Eng  i  lit  ..t  g  should  go  back  to  the  drawing  boards 
,i  ;  1  .  ..  ;h  a  pi  '.,;  that  will  provide  relief  from  normal  flooding  to  the  Belmont 

r  .  h;  i  Iio,;  ;nlv«.  rsely  affecting  the  other  sections  of  the  city  . 

i  people  i, non t  Park  don't  want  to  hurt  anyone  else  or  pollute  Apponaug 

•.  ,  /  s'lis  L ,vai)t  to  protect  their  own  homes. 

"  ,v  of  'ingiveers  should  consider  a  project  that  would  involve 

cons  i:  !  ii-  if  a  sc  ri"S  of  uikes  to  provide  relief  to  that  area.  The  tunnel 

■  i  he  .'ie.  e  cs-try  tu  provj  relief  and  ■mpcnia^BaJEKiJt..  1  cannot  condone  a 

'Pp 

hu  i,  .  u  i  ivvesely  affect  the  residents  of  Greenwood  livji,t  in  the  path  of 
...  iutu.oi  ■).  a  plan  that  will  pollute  Apponaug  Cove. 

rhe.c  i(i  .I'sid.'iir.J  of  Warwick  who  have  serious  objections  to  this  plan.  Rather 
'  s.- ;  '  ao  the  wii.) '  thing,  1  would  like  to  see  the  Army  Corps  of  Engineers  come  up  with 
a  mor  i  n  1  '  Stic , 

.  iier  jfiva. 


modest  plan  to  provide  relief  to  Belmonth  Park  without  affecting  th 


1  i 


of  h  sons  Lb Le  .piaaepi'  land  use  plan  anti  net/  zoning  cu-'’inancc  'o  safeguard  -  '■■■  ;  t  i 
residents  from  further  flood  damage  losse:.  due  to  encroachment,  on  (.}••  f K>.>  p'-la**. 
plain.  A  statewide  solution  is  needed  to  encourage  land  acquisition,  casern  ;!  an  * 
ta-  encentives  which  promote  wise  land  use. 


JU 
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M [•: f.: H :  ' F  THE  \RMY  CORI  up  KNGI  NEERS.  INDIES  AND  GeN'iLC^N: 

Ml  NAME  IS  DOMtiNICK  J.  ROmKO  4 N ! )  I  PRESENTLY  RK3I Dfc  VT 
223  THIRD  AVENUE  IN  CRANSTON.  1  HAVE  LIVED  IN  TILS  RESIDENCE 
SINCE  1041.  FOR  66  OF  MY  68  YEARS  OF  LIFE  T  HAVE  ALWAYS 
RESIDED  WITHIN  A  STONES  THROW  OF  TtiE  BANKS  OF  THE  PAWTI1XET 
RIVER.  I  OWN  AT  PROXIMATE!. Y  2  ACRES  OF  VACANT  L'ND  FRONTING 
THE  PVWTUXET  RIVER  IN  CRANSTON. 

i  WOULD  VENTURE  A  GUESS  TtiAT  THERE  ARE  FEW  IN  THIS  ROOM 

WHO  HAVE  HAD  AS  MUcH  EXPERIENCE  OR  WHO  COULD  SPEAK  TO  THE 

HISTORY  OF  THIS  RIVER  RELATED  TO  FLOODING  BASED  ON  A i-T  . 
KNOWLEDGE.  .l  REMEMBER  VERY  WELL  THE  HUHRI  CANES  OF  1038  #fir 

1954.  EVEN  DURING  THESE  MOST  SEVERE  WEATHER  CONDITIONS,  ' 

1 3  4MP0RTANT  TO  NOTE  T  H  ‘  T  THE  PAWTUXET  RIVER  DID  NOT  CREATE 

SERIOUS  FLOODING  TO  AREAS  ALONG  ITS  PULL  LENGTH. 

MOST  RECENTLY,  IN  AN  EFFORT  TO  OAHTALI  IK  ON  THE  BASK. 

FEARS  THAT  MOST  HUMAwR  HAVE  OF  FLOODS  AND  HURRICANES,  RESIDENTS 

OF  THE  BELMONT  I  ARK  AREA  IN  W  R’.YICK  AND  THE  CLEVELAND  I  Mitt  Stv/T.l 

IN  CRANSTON,  WERE  INSTRUCTED  TO  MOVE  DURING  THE  LAST  HUHRI CANE 

WARNiNG.  ONE  MUST  ASK  A  BASIC  QUESTION  -  WAS  THERE  ANY  J  N  s  ;  NT 
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ON  THE  PART  OF  '.NY  LOCAL  OFFICIALS  OH  THE  AR»‘Y  C> 

to  create  \  state  ok  panto  in  the  minds  of  these 

ORDER  TO  SUPPORT  A  5').?  MILLION  DOLLAR  PROJECT?? 


L  OF  ENG  •  :  '  Lip 

RESIDENTS 

J  T  WOULD  m:¥/  V 


TO  ME  THAT  EFFORTS  IN  THE  FORM  Oc  PUBLIC  RELATIONS  FORE  ARE 
WELL  UNDER  WAY  TO  CONVINCE  HOME  OWNERS  THAT  UNLESS  T!IM  SUP:  RT 
THIS  50. S  MU, LION  DOLLAR  PLUS  PROJECT  THAT  TJ.F.1P:  Is"  c.  AN I.  i:  ' •PL.".T,Y 
WILL  BE  IN  CONSTANT  DANGER  FROM  FLOODS  AND  O’!  HKl!  NATURAL  DISASTERS. 
UTILIZING  SCARE  TACTICS  IS  A  VERY  OLD  TECi'Fl  UE  U.  i.D  TO  GATHER 
SUPPORT.  AS  A  LAYMAN,  I  DARE  SAY  THAT  FOR  A  FliACTI  ?•»*  OF  5'?,  •' 
MILLION  DOLLARS,  ALL  FLOOD  PRONE  LAND  AND  JMi'UOVittV  NTS  THEREON 
ALONG  THE  BANKS  OF  THE  P.AWTUXET  RJ  VER  COULD  BE  PURCHASED  IND 
DEVELOPED  INTO  RECREATIONAL  AREAS  AND  WILD  LIFE  SANCTUARIES  TO 
BENEFIT  ALL  THE  PEOPLE. 

IT  IS  IMPORTANT  FOR  LOGICAL  AND  PROPER!, Y  MOTIVATED  TAX 
PAYERS  NOT  TO  BE  CARRIED  AWAY  REGARDING  (QUOTE)  "FACTS"  PROVIDED 
BY  THE  CORPS  WHICH  HAS  A  VESTED  INTEREST  IN  PROMOTING  ITS  OWN 
EXISTENCE’. 

ANOTHER  IMPORTANT  FACT  IS  MAT  HOME  OWNERS  ALONG  THE  RIVER 
ARE  ENTITLED  TO  QUALIFY  FOR  FLOOD  INSURANCE.  IMAGINE  ME  COST 
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OF  FLOOD  INSURANCE  PREMIUMS  FOR  RELATIVELY  FEW  PEOPLE  ALONG  THE 

PAWTUXET  RIVER  AS  COMPARED  WITH  THE  COST  OF  CONSTRUCTION  TUNNEbS 

AND  DIKES  AND  OTHER  ECOLOGICAL  MONSTROSITIES  CONCEIVED  BY  THE 

ARMY  CORPS  OF  ENGINEERS  AGAIN,  IN  THEIR  INTEREST  TO  (QUOTE) 
"PROTECT  THE  PUBLI  C"  1 : 

WITHIN  ONE  YEAR,  THE  PRICE  TAG  FOR  THIS  PROJECT  HAS  RISEN 

FROM  30  MILLION  TO  59.3  MILLION.  THE  TOTAL  COST  CAN  BE  EXPECTED 

TO  BE  MUCH  HIGHER.  THE  'EVENING  BULLETIN"  IN  I’ll E  SEPTEMBER  21, 

1976  EDITORIAL,  SERIOUSLY  QUESTIONED  NOT  ONLY  i’HE  COST  OF  THIS 

PROJECT,  BUT  THE  CONSEQUENCES  OF  DUMPING  DIRTY  RIVER  WATER 

INTO  THE  RELATIVELY  Cl.!,  AX  API 'ON  MIG  (  ■  VK.  THOSE  OF  U:  WHO  WISH 

TO  LEAVE  A  LEGACY  OF  ENVIRONMENTAL  IMPROVEMENTS  TO  OUR  CHILDREN 

ALSO  QUESTION  THE  MERITS  OF  THIS  ACTION. 

IN  CONCLUSION,  I  .VOUi.D  ASK  THAT  ALL  RESPONSIBLE  INDIVIDUALS 

WITHIN  THIS  ROOM  C0NS1 DE  THIS  -PROJEcT  TO  BE  INAPPROPRIATE, 

EXPENSIVE  AND  WITHOUT  ANY  REDEEMING  MERIT!  THIS  PROJECT,  BY 
THE  ARMY  CORPS  OF  ENGINEERS,  HAS  AS  MUCH  LOGIC  IN  PROTECTING 

PEOPLE,  FROM  FLOODING  AS  FILLING  IN  THE  GRAND  CANYON  WOULD  TO 

PROTECT  PEOPLE  FROM  FALLING  IN  '. 

THANK  YOU. 
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SUMMARY  OF  OCTOBER  1076  PUBLIC  ME! TING 

The  next  public  meeting  v/as  held  on  l.«':  Octobej  >9.6-  I’reseataf .  onn 
were  made  by  NED  representative:)  regarding  the.  present  status  of  the 
proposed  f  lood  reduction  plan  t  or  the  lower  :,awtuxet  V'-p  ershed.  At 
this  time  the  selected  plan  coos’  f'ad  of  the  Na* i ck  Diversion  in 
combination  with  the  Warwick  Local  Protection  Project.  p;.us  regulatory 
measures  and  future  non-Federal  programs.  Regulator^  measures  were 
primarily  the  application  of  the  National  Flood  Insurance  program  in 
all  basin  ::ones  throughout  the  watershed.  The  future  action  program 
would  include  the  proposed  Big  River  Reservoir  adapt*  ’  to  nvo-i-V 
additional  flood  control  storage. 

A  brief  overview  of  the  history  of  the  study  from  its  initiation  in 
1969  to  its  present  status  was  given  an  well  as  an  exp lunation  of  the 
technical  aspects  of  the  selected  plan.  The  envlronnontal  and  socio¬ 
economic  impacts  of  the  structural  elements  were  also  Iven. 

In  the  public  comment  portion  of  the  meeting,  Maureen  Maigret,  State 
Representative  from  District  17,  expressed  opposition  to  the  proposed 
plan  on  the  grounds  that  the  cost  was  too  high  as  well  as  the  poten¬ 
tial  harmful  affects  imposed  on  Apponaug  Cove.  Excess  coll  corn; 
bacteria  and  the  decrease  of  salinity  in  the  cove  were  her  aa.1< 
environmental  concerns.  She  also  voiced  opposition  to  the  funnel 
blasting  and  traffic,  hazards. 

A  representative  from  the.  35th  District.  J.  Fri  edema  cited  a  total 

absence  of  public  support  for  the  project  with  the  an  lor  factor  being 
the  cost.  The  city  would  not.  be  able  to  come  up  with  the  $800,000 
allocation  toward  the  project  or  the  $17,000  annual  operating 
charges.  A  bond  issue  or  a  budgetary  line  item  would  he  requ  •:-<•<!  end 
neither  was  in  the  foreseeable  future.  As  an  alternate,  M~.  rr  c-dc- 
mann  proposed  better  land-use  planning  implemented  by  a  sound  end 
practical  zoning  and  sub-division  regulation  plan.  This,  con’d  be  e.f: 
a  cost,  which  would  not  burden  the  tax  payers.  Tn  the  area  of  the 
projects  ecological  impact,  he  stated  that  the  extent,  of  pollution  as 
well  as  affected  species;  of  marine  life  could  not  totally  be  pre¬ 
dicted  by  the  computerized  model. 

A  city  planner,  representing  Providence,  presented  the  official 
statement  of  the  city  of  Providence.  The  city  opposed  the  project 
for  two  main  reasons.  It  ignores  available  remedies  that  could  more 
immediately  eliminate  '  iood  damages  and  secondly,  the  proposal, 
substitutes  highly  expensive  measures  for  less  expensive,  equally 
effective  measures.  Tn  relation  to  the  first,  he  cites  that  the 
project  will  not  be  operational  before  1985.  Therefore,  it  would  not 
afford  projection  to  Warwick  or  Cranston  for  nine  years.  As  an 
alternate,  less  expensive,  solution,  the  river  could  be  cleared  of 
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structural  as  well  as  non-st rue tura I  obstructions  which  inhibit  ftp 
flow  of  the  channel. 


Removals  could  Include  obsolete  structural  foundations,  and 
demolished  dams  and  bridges  as  well  as  trapped  sediments  and 
Industrial  sludge  like  those  accumulated  in  the  backwater  reaches  of 
Broad  Street  Dam.  He  recognized  ao  a  potential  flood  threat  the 
concrete  that  juts  across  the  spillway  of  the  Broad  Street  Dam. 
Additional  flood  control  storage  at  the  Scituate  Reservoir  should  be 
investigated  more  thoroughly  in  conjunction  with  the  above  mentioned 
measures. 

The  planning  director  of  the  city  of  Warwick  representing  Mayor 
Eugene  J.  McCafrey  accepted  the  plan  of  action  regarding  regulatory 
measures  in  both  flood  plain  and  non-flood  plain  areas,  adherence  to 
the  100-year  flood  plain  zoning  supported  by  building  code  restric¬ 
tions,  continued  participation  in  the  National  Flood  Insurance 
Program,  and  the  construction  of  the  proposed  Big  River  Reservoir. 
Support  was  also  given  to  the  construction  of  the  local  protection 
project  as  enumerated  for  Warwick.  The  Natick  Diversion  was  opposed 
because  of  the  economic  cost-benefit  ratio  involved.  Recommendations 
were  also  made  for  the  removal  of  the  previously  mentioned  retaining 
wall  at  Broad  Street  Dam  and  f  ic  the  straightening  and  deepening  of 
the  channel  from  the  Mall  to  the  mouth  at  Pawtuxet  Village. 

Former  Governor  John  Chafee  expressed  concerns  over  environmental 
impacts  on  Apponaug  Cove  and  to  the  expense  of  the  Natick  Diversion. 

The  planning  director  of  the  city  of  Crarston,  speaking  on  behalf  of 
Mayor  James  Taft,  also  objected  to  the  high  cost  of  the  diversion  as 
well  as  the  environmental  Impacts  urging  the  Corps  to  re-examine 
alternatives  to  the  tunnel  that  could  be  Implemented  at  a  cost 
acceptable  to  the  taxpayers. 

The  city  of  Warwick's  council  president  objected  to  the  tunnel  on  the 
basis  of  cost.  Doubt  was  raised  as  to  the  passage  of  v.  bond  which 
would  fund  the  project. 

A  councilman  from  the  city  of  Warwick  was  concerned  about  the  Belmont 
Park  Section  suggesting  that  a  series  of  dikes  be  substituted  for  the 
proposed  tunnel.  He  stated  that  the  Corps  has  overdesigned  a  project 
that  will  not  be  completed  for  ten  years.  The  representative  from 
Ward  2,  District  30,  also  was  in  favor  of  a  dike  to  protect  the 
Belmont  Park  Area  In  lieu  of  a  tunnel. 

An  employee  of  the  Environmental  Protection  Agency  (who  spoke  on  his 
own  personal  views  as  opposed  to  the  agencies)  objected  to  the 
environmental  aspects  of  the  project  and  proposed  a  plan  of 
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acquisition  as  an  alternative*  He  took  issue  ( .  wa;  o  '  m-vit  >r 
model  developed  to  evaluate  the  affects  of  changer,  iv  ua  ,-u-  f  •. 

the  mixing  of  fresh  and  salt  water.  This,  in  h!«  ’•••  uioo.  <  .>u’  v. 
cut  an  entire  sp-.elos  in  larval  f arm.  He  al-v»  ,  os  •  <  u"  >  bo 

hazzard  caused  by  coll  form  intr-tu  loa  possibly  result- •  n  the 
closing  of  areas  of  Apponaug  Cove  and  Greenwich  Bay  for  she  •  ;fi  .it*  ng. 
A  representative  from  the  Rhode  *.  a  land  Association  of  Co  :«r  ton 
Conmmissioner3  reiterated  acquisition  as  an  alternative  t:  the 
proposed  plan.  He  objected  to  the  term  'standard  prc.j->- 
since  no  reference  of  it?  frequency  was  mentioned  in  rh-  i:  ‘or'.: 
report.  A  sensible  Judgement  concerning  this  propcs:  1  cannot  i e  nt-de 
when  the  chance  of  ocurrence  has  neve  been  defined. 

A  student,  at  Brown  University,  researching  the  question  of  '  Iced 
protection  in  the  Pawtuxet  Basin,  stated  that  rhe  Env! ronmentr • 

Impact  Statement  was  inadequate  In  terms  of  the-,  requirements 
specified  by  the  National  Environmental  Policy  Act.  The  sj  u c m  cr 
accounts  used  to  choose  the  Natick  Diversion  as  the  most  fees1  Wo 
flood  protection  project  was  Incomplete.  There  was  no  logical 
discussion  of  the  alternative  plans  In  addition  to  factual  inf or mo¬ 
tion  to  support  one  choice  over  another.  He  proponed  that  the  Big 
River  Reservoir  Plan  offers  a  cost  alternative  that  seems  highly 
feasible.  Also,  the  marginal  benefit  cost  ratio  cast  seriou*-  T  ab* 
on  the  economic  feasibility  of  the  project.  Environmental  ..■'•.ns 
were  also  expressed  by  this  student. 

The  Senator  from  District  15  of  the  city  of  Warwick,  doneph  Wairi., 
objected  to  the  selected  plan.  He  stated  that  t  he.  re:,  i  Heats  >r  the 
Belmont  Park  Section  have  a  serious,  legitimate  comp1  ad -r  ebo-o  1  he 
flooding  and  deserved  protection  implemented  by  the  Ft.ot.a  ana  i'edernl 
government.  In  lieu  of  the  Corps  selected  plan,  n  series  of  d-”-  r, 
should  be  constructed  in  order  to  provide  the  necessary  relief  in 
conjunction  with  a  sensible  land  use  plan. 

One  of  the  residents  was  supportive  of  what  the  '  ,-rpn  was  trying  1  o 
do  in  the  basin,  not  so  much  that  they  supported  a  diversion  plan  but 
pleaded  for  dike  protection  at  the  Belmont  section.  They  were  candid 
enough  to  say  that  city  officials  certainly  knew  four  years  ago  wha*- 
the  Corps  was  planning.  All  other  area  residents  opposed  the 
diversion  tunnel  in  terms  of  1  he  necessity  for  it.  tin-  cost  factor 
and  the  possible  adverse  affects  on  some  portions  of  the  city, 
especially  with  relation  to  the  environment,  the  pol!u' ion  of 
Apponaug  Cove,  and  th'  danger  with  regards  to  turn- i fog  under  homer-. 
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CORRESPONDENCE  FROM  19/6  PUBLIC  MEETING 


Mayor  james  L  Taft,  )r. 


Executive  Oiambt  i  /C i Ty  Hall '(  laiiMon,  Rhcrle  IsIjikI  Oilt  1 0 


October  14,  19' 6 


Col.  John  P.  Chandler 
Army  Crops  of  Engineer 
Department  of  the  Army 
424  Trapelo  Roid 
Waltham,  MA 

Dear  Col.  Chandler: 

As  Mayor  of  Cranston  T  want  to  register:  my  strong  opoosittcn 
to  the  Corps  of  Engineers  proposal  to  build  a  flood  diversion  tunnel 
under  part  of  the  Pawtuxet  River. 

I  believe  the  project,  which  is  stimated  to  cost  nearly 

$60  million,  is  far  too  expensive.  Bat  /hat  benefits  the 

Corps  projects  from  this  plan,  the  cost  ..s  o  extravagant . 

We  must  also  take  into  consideration  the  fact  fhat  i  ;c 

project  began  immediately  it  would  not  be  finished  ■ l  ! r  ' 

Since  the  Corps  needs  Congressional  approval  befcv  '  a-  'vem  . 

it  is  obvious  the  project  will  not  get  underway  f<.  i  .  .  in" 

years.  During  that  waiting  period  I  suspect  noth'  i  .  .} 

bring  about  an  immediate  solution  to  problems  tha*  w  •  *  be  cauc* 
by  Pawtuxet  River  flooding. 

Just  as  importantly,  the  tunnel  will  produo  > 
of  Apponaug  Cove  and  Greenwich  Bay.  Dur .  ng  the  nr-.:  *  •>*  >  ><i 

of  10  or  more  years  the  river  '  s  ecology  and  t  Cat  of  wa-  >>i  r, 

which  it  flows  will  also  be  harmed.  I  an  not  con''>n"'i  that  Oorj  ■ 

has  assessed  the  full  impact  of  the  industry  in  t  hc-t  wato/s,  f  • 
tunnel  during  its  construction  phase  and  afterwards  roe  Id  pose  u 
serious  threat  to  a  viable  new  industry. 

I  urge  the  Corps  to  re-exanune  alternatives  to  the  tunnel. 

The  properties  along  the  river  should  be  protected  and  an  be  at 
a  cost  that  is  acceptable  to  the  taxpayer  and  in  a  tna-ner  that  wi 1 1 
enhance,  not  destroy  the  environment. 


Sincerely 

-  / 

flames  L.  Taft,  Jr. 
Mayor 


JLT: jv 
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Printed  on  100%  rnt  ycled  paper  to  «..*/*»  o*jr  wo>irti.«nds  <xir  air  and  nt;r  water 


October  14,  1 9/6 


CO:  Department  of  the  Army  Corps  ui  Engineers 

New  Em:  3  and  Division 
Waltham,  Massachusetts 

FROM:  Robert  J.  Sullivan,  27  Marcy  Street,  Cranston,  Rhode  Island 
SUBJ:  Pawturet  River  Flood  Protection 

I  should  begin  by  commending  the  Corps  of  Engineers  for  some  very  worth¬ 
while  projects  which  it  has  undertaken.  The  hurricane  barriers  in  New  Medford 
and  Providence  are  outstanding  examples.  The  Fox  Point  Hurricane  Barrier  was 
built  at  a  cost  of  $16,000,000  while  die  New  Bedford  facility  cost  $1H  .>'00,000, 

These  projects  afford  protection  from  very  real  threats  and  have.  ye?:  ,'gyc . 1  !> 

cost/benefit  ratios. 

In  contrast  to  the  above  projects,  the  project  proposed  ft-  the  <  m?;  i 
River  would  cost  nearly  four  times  as  much  and  would  provide  lesso  !»»•.  (.ft-  . 

I  consider  the  cost  benefit  ratio  of  the  project  to  be  vary  unfavor.ab/ 

For  this  reason  I  am  opposed  to  the  project  in  its  present  form. 

The  Corps  of  Engineers  has  not  demonstrated  that  there  has  ever  been  a 
Pawtuxet  River  flood  which  even  approached  the  severity  which  would  instifv 
the  proposed  project.  The  most  recent  flood  occurred  in  19615  and  caused, 
approximately  $200,000  damage. 

According  to  the  Corps  of  Engineers  (Pawtuxet  River  Watershed  Interim 
Report,  U.  S.  Army  Corps  of  Engineers,  1976.),  471  buildings  are.  susceptible 
to  the  type  of  flood  which  could  be  expected  to  occur  once  in  a  hundred  years . 
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-  2  - 

T'f'  -;ect  '■’Id  cost  it  least  $59,. '400,000.  At  this  rate  vc  would  r>e  spend- 
ii.fe  '  .;*  /'!  :  t  -  r.t  a  tuci.  it  px':.4n  toJ.  bi-'  ho:-ps  o'  At  iueer:  mentiecs 
a  more  severe  t tood  (Standard  Project  ?loo  i>  which  apparently  would  occur 
even  less  free-  tt-vi  in  a  oc-ntur;.  In  this  extreme  case,  1856 

structures  weld  •  ••  nrotnctei  ,  The  protec;  •'  n  costs  per  structure  would 
then  be  $11,950.  either  case ,  the  cose. hen  fit  ratios  are  unfavorable. 

\  no- 1  *  .•'  :  l  -van  wou.d  he  to:  1}  ci  ohil  •  ‘ ut.ure  construction  or 

the  floe.'  tv  vt.  f  'case  out  cnistinr  residential,  ate  of  the  flood  plain, 
and  3)  r.tov  V  ■  f.  highly  concent  \  hr'j  >.  crane r evi  l  property  vr  th  dikes 

of  other  -v  _ra>  -.fotocuive  etructuvey.  Sa«  h  a  plan  would  be  far  less 


expensive  a--: 

If!  cvi.de  .deviate  '"I- o’ 

protect:';. 

.  •  n  r 

T.nivry  c  !' 

life  1.5  a  vital  ia-  ; 

.  7  vuh  ’. 

-  also  hr.  .  oi-sidered. 

I  find  no  re  3  "t 

;  f.o  this  hi  •  '.!••’  •-••• 

rlepr.rt:  •, 

the  Corps  of  Enginee.ro. 

My  personal  know! 

edge.  of  the  region  lords  : 

to  th.. 

conn lti gi or-  that;  Pawtuxet 

Rl’-er  floodin'  ha 

;  never  caused  fatalities 

f  roul 

d  b'l?.-.  that  the  '-argers 

to  wocko;-,  ait;; i” 

.  v*r*ti ! d  yr  •?.*  r 

•  vi 

the  personnel  dangers 

which  future  r ion 

could  • -route a.. 

v  V  1  j.  ?;!<>£.«! 

by  stating  that  X  ccnci  t 

v  ••  1  or  ti 

protection  esr  .nlial  tv 

the  vc.  •  ■  r  in  vest ion,  however,  the  flcvpt: 

of  Engi\. 

■  rs  plan  far  exceeds 

what  is  ieco ’sr.ty . 
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HmCSEKTATIVt 
MAUEEEN  E  MAIGtET 

232  Vancouver  Avenue 
Warwick,  Rhod*  Island  02S86 

Foom  326  Stota  Hn« 
ProYjdcncfl,  Rhode  !s!o:d  02903 


tfrtatr  of  Slimier  /Inland  sub  ^ronUkrnro  I’uirlnltmtB 


Como-'  ‘■"'e  on  LeSe: 


"Bounr  of  rvrprfBfntatterr. 

Oojobc  -  !A  197' 


John  I’  Chandler 

Colonel,  Corps  of  Engineers 

Division  -engineer 

Department  f  the  Arnv 

New  England  Division,  Corps  of  engineers 

Waltham  Massachusetts 

RE:  Pawtuxet  River  Watershed  Interim  Report 
vinal  Stage  Public  Hearing  Statement 


I  wish  to  express  my  opposition  to  the  Army  Corps  of 
Engineers'  proposed  flood  management  program  r<  fo-~:  <••?'  t  er, 
the  NATICK  DIVERSION. 

I  nnpose  the  project,  because  of  the  ex  Creme  l'  hfgh  cos: 
as  well  as  the  adverse  environmental  effectr.  the  di  .•  tried 
waters  would  have  on  Apponaug  Cove  and  Greenwich  bn 

It  i s  important  to  note  that  despite  the  predict  ed  cert 
of  59  million  dollars,  the  effectiveness  of  the  NATICK  DIVERSION 
r. n  flooding  downstream  of  the  Meshanticut  brook  gradually  di¬ 
minishes  ,  and  due  to  tidal  influences  on  the  river,  the  DIVERSION 
would  only  reduce  flood  stages  for  a  standard  project  flood  about 
3  ft.  at  the  Warwick  Industrial  Park  Site,  although  the  predicted 
water  level  would  be  12  ft  higher  than  the  March  1.95R  flood 

It  is  also  important  to  note  that  the  study  emphasises  the 
indirect  economic  benefit  of  making  available  for  development 
some  200  acres  of  presently  undevelopable  land  located  within 
the  floodway  of  the  main  stem.  Increasing  development  within 
the  floodplain,  even  if  the  DIVERSION  were  to  be  built  would 
seem  to  be  poor  land  use  planning,  .'specially  since  the  CDS  ION 

would  not  be  1007,  effective 
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John  P  Chandler 
October  14 ,  1976 

Page  2 


As  planned,  the  NATICK  DIVERS! O'!  will  cause  rr.v><''  acntal 
damage  to  Apponaug  Cove  and  ■.“rr-env'ch  Ray.  Bo‘h  /.r.-oonaog  Cove 
and  Greenwich  Bay  are  fmo-rtcnt  arenn  for  recT  .•ta‘i  f . . 
while  the  Bay  is  an  imp-*.v: ant  sourra  of  commercial.  '•?*».•  1  ?  ff  *•*  5.  pc 
(an  estimated  $1  million /veer  industry).  The  Environ;.- n- r.  1 
Statement  suggests  that  future  plans  for  the  Pawtuxer  can 

eliminate  the  problem  of  pollution  of  the  Cove  and  Bay  v'.?.  ■  c'-T 
form  bacteria  firm  the  diverted  river  x-  or  This,  f  .  ,c  * 
an  unwarranted  resumption,  especial lv  £i;-  e  no  data  ■  s  ;t«:  ■  ■  ■> 
at  .the  irresetu  eo-iceriii-’g  Elver  -  >11.;.  ...on  from  r.r->-  «■ 

sources  I  an  specifically  referring  "o  run-oi  f  ?  n!  It  ii  •••  >■  i  ■ 
won  Id  increase  significantly  dur  lug  11  lodirig.  fhc  Fnv  ~er.  to. 
Statement  did  i**t  appear  to  address  this  pro!. lere  whi‘  ::  sch¬ 

eduled  to  be  invest igated  by  a  Taste  Force  of;  the  2 OS  Cv.fv 

The  second  area  of  envir  ir.mtr  .?  al  oo-v  evn  is  •'  <y  e:  feci-  <*f 
the  decreased  salinity  or  marine  1  lie .  A  rr.ee-  eve~;.  1r<  vear 
event  is  predicted  to  resuV'  in  the  loss  of:  the  yes-  *•- ‘  r f r  i« 


all  the  Cov: 

?.  and  .10%  of  th 

'»  Bnv 

■  1e  a  leer 

f'i/Q 

years  event 

is  predicted  ; 

i  Chfi.  i 

:rt  70%  of  the 

Bay 

mortality  f 

or  some  adult  s 

peeler; 

a -id  eliminetf 

PC 

for  many. 

i  object  f»  hot 

h  the  ; 

r<  vent. ial  pub! 

ic 

created  by 

increasing  the 

PC  ll.lt 

iOi ;  in  c!;o  Cc-y 

e  " 

the  possible  destruction  o’  marine  ii^e 

My  fi  ial  points  of  rbieotlon  relate  to  r-on<  g-ts  e.vr'  v-rrrd 
to  me  bv  residents  in  my  district  relative  to  the  post -*V?«  ipiyr 
ful  effects  on  their  homes  by  the  drilling  end  ’  las  tin-  f;.f:  r 
occur:  the  possible  decrease  in  property  values •  and  n  rer 
seri  "is  traffic  hazards  which,  v.-ovld  occur  in  the  Apnoneur.  area 
during  construction. 

I  realize  that  the  flooding  of  the  Pawtuxet  River  is  a 
serious  problem  which  we  must  find  a  solution  for,  and  therefore 
recommend  further  study  of  the  Alternative  labeled  rD':  (he  Fn 
vironmenta!  Quality  Plan  consisting  of  the  Local  Protection  Pro¬ 
jects,  regulatory  measures,  and  upstream  future  action  measures 
for  reservoir  management 


Respectfully  submitted  by. 

V  4'  -jfu'  J 

L  -  S/dyu.*- 

Kr-iren  E  Kaigre 
Representative  -  District  R7 


MEM :vlh 
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APPONAUG  HEIGHTS  COMMUNITY  ASSOC, 
?  Gilbert  St. 

Warwick,  ft. I. 


October  14,  19?6 


Colonel  John  P.  Chandler 
Department  of  the  Army 
New  England  Division 
Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  Massachusetts  021 54 

Dear  Colonel  Chandler: 

Toe  Apponaug  Heights  Communitv  Association,  which  is  com¬ 
posed  of  sixty  families  residing  on  Gilbert  and  adjoining 
streets,  wishes  to  go  nr  record  with  the  City  of  Warwick 
and  the  Army  Corps  of  Engineers  as  being  strongly  opposed 
to  too  proposed  Natick  Diversion  Flood  Plan  in  its  present 
f  orm»  t . 


An  homeowners  and  taxpayers,  the  members  of  the  Association 
are  greatly  concerned  that  tie  city's  portion  of  the  approx¬ 
imately  60  million  dollar  construction  price,  in  addition  to 
an  tnnual  outlay  of  $97,000  tax  dollars  for  amortization  and 
maintenance  is  too  great  a  burden  for  the  citizens  of  this  city 
At  a  time  when  the  city  is  straining  to  eliminate  deficit  spend 
leg  and  achieve  a  ha  lanced  budget  and  at.  the  sane  time  hold  the 
line  on  real  and  personal  property  taxes,  it  appears  to  the 
Association  that  ®.  commitment  to  this  project  can  only  result 
ir.  an  inability  to  maintain  a  balanced  oudget.  coupled  with 
tax  rate  increases. 


:  e  Association  is  also  concerned  with  the  findings  of  tne 
environmental  Impact.  Study  and  the  damage  this  project  would 
causa  to  the  Apponaug  Cove, 

There  are  many  other  concerns  which  must  be  addressed,  not.  the 
least  of  which  Is  potential  damage  to  property  substructures 
due  to  a  change  in  the  water  table  and  vibrations  from  drilling 
boring  or  blasting. 

In  summary,  the  Association  feels  that  the  present  plan  is  not 
in  the  best  Interests  of  our  residential  area  and  recommends 
that  an  alternative  plan  be  proposed  whicn  will  serve  the 
Interests  of  all  the  citizens  of  Warwick. 


Sincerely.  ^  ]  / 


Riohard  Block,  President 
.if/og 

Copies:  Warwick  Planning  Board ,  Mayor, 

Governor,  j.  Congressional  Delegation 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTER; OP 

F  SH  AND  WILDI.IPT  SL(  -."NE 
ngic  ,x‘  Are*:  Of! 

?.  0.  Sox  1518 
5 5  P 1  > -a  rn  n t  '  t  reel 
•  riiCoiUj  :  II  03301 


ot  :>er  20,  i9 76 


.'lent*  L  io  or 


T  E*r> 

'r.. 
ra.i 

031.-4 

.  v'  jr  Oulonc  i  ’..am!  *.er: 

this  Utter  is  oi  r  staf.v-” .  .  for  the  i'ublic  hearing  on  Water  and  i>- 
lafeu  .and  K<>  ;ourc.cs  Inve.st illation?  ter  t  in  Fawatuck  Fiver  and  :‘.e - 
raganseft  'r>v  drainage  Basins,  I'oijj.uvat  W- vex  Watershed.  P] ease  • 
c.'ludc  it  ir.  your  records  of  the  hearing.  The  hearing,  w.k  b^T'  at 
h'an-’-i ■-!  ,  Rhode  Island  on  October  id,  1978 

this  Service  advises  that  the  recotaneaded  plan  may  sign..  ' i .. ; y  aj.i.v 
the  aquatic  environment  and  adversely  affect  the  fin? ish  nr.1  she1’ f job 
resources  Apponnug  Cove  and  Greenwich  £ay.  In  addition,  the  ann-;  >• 
rnous  fishe-v  potential  of  the.  Pawtaxoc  Basin  may  be  forfeited, 

further  studies  will  be  required  to  determine  the  effects  of  the  pro 
pose<.  project  on  the  fish  resources  of  the  area  and  also  water  quail  tv 
of  t. ns  cove  and  bay.  The  Service  recommends  that  your  report  ho.  modi-- 
f  led  to  provide  for  further  studies  of  project  effects  on  fish  habitat 
and  water  quality,  and  for  such  reasonable  modifications  to  bo  made  in 
pro  jet  t  facilities  for  the  cc.i  nervation  and  development  of  fishery  re¬ 
sources  as  may  be  found  necessary  and  as  may  be  agreed  upon  by  the 
Director  of  the  U.S.  Fish  and  Wildlife  Service  and  your  agency. 

We  •’’11  supply  you  with  our  Conservation  and  Pevelopment  report  for 
this  project  on  or  before  October  .79,  1976. 


Sincerely  yours, 

/v 

v  ■‘.lvir.  R,  Evans 
Field  Supervisor.  NEAO 
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Colonel  John  P.  Chandler 
Department  of  the  Army 
New  England  Division 
Army  Coro  of  Engineers 
424  Trapelo  Road 
Waltham,  MA  02154 

Re:  Paweatuck  River  and  Narragansett  Bay  Drainage  B. : sm  - 

Pawf.uxet  River  Water shed  Study 

Dear  Colonel  Chandler: 

The  members  of  the  Cranston  Conservation  Cor  mi".-.  •  wish  -  o 

express  on  record  their  opposition  to  the  propoted  h  Diver:-  •' 

tunnel  on  the  Pawtv.xet  River.  While  the  Commissro:  'sen  r  to¬ 

other  recommendations  brought  fol  k  in  your  compveiw-i  ■  '■  study,  p.-  'ir 
ularly  ti  e  naed  for  better  management  of  flood  centre  i  ;-..-r.gramr'-  •  '  ca: 

not  support  the  recommended  Natick  Diversion  tunic!. 

We  would  suggest  that  the  Army  Corp  in  further  study  care r  ■ - 
consider  the  following  kinds  of  .. Iternati ves  to  flood  control 

Pawtuxet  basin: 

-Develop  a  flood  plain  management  program  which  maximizes  nor ~ 

structural  solutions 

-Negotiate  an  optimal  flow  regime 

-Channel  improvement  program  to  allow  large  volumes  of  wr-t.c  r  to 
be  contained  in  the  channel  without  flooding.  :  •  ci.rarcc  or 
obstructions  in  the  river  bed  and  restoration  of  t no  ratjva" 
river  bed  are  minimum  actions  here. 

-Strict  compliance  and  enforcement  with  local  f  i.» >-,d  nlain  aor  •  ng 
ordinance  as  defined  under  the  National  Flood  Xu  uranco  P)  ;>c  .  ’. 

Related  regulation.  governing  developmeni  siiou.il  ••cirf'vcr  ' 
local  flood  control  ordinance. 

-Establishment  of  local  sedimentation  and  erosion  control  nr-  in"- 

-Improved  water  storage  of  Scituate  Reservoir;  ami 

-Design  of  the  Big  River  Reservoir  for  flood  surcharge  stc;-;.>u 
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v.r.p.v  oth  =*r  constructive  surjcost.i  wer  e  hr  a.  at  t "  ;-..r 

October  !b>  ,  i)76.  The  Cram- ton  Conner vat i  on  Comni :  s  xor. ,  i  v>» 
many  cit.ir.or.--  anfi  public  off  lei  a!  r.  p-r  cent  at  that  boar-  ,  w 
opposed  to  the  construction  of  the  Nat  r-h  Diversion  and  furiner 
that  the  Corp  restudy  this  ,ir  por'-ant  er. 


rivic-crc]  ■■  yours , 


(Mr:-  .  ’  i'1ena  Cal  J  f' 
Chan  ;  *•  ,  Cons<?T'rat  Lr-r 

•  onirission 


AC:  si 
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Cranston  Plant 

CIBA-GEIGY  Corporation 
PO  Box  2055 
Providence  R  I  02905 
Teleptv>::s>  401  941  3000 

Shipping  Address: 

1  SOM  id  Street 
Cranston  R  ! 


CIBA-GEIG 


v--' 

fi 


October  2?*  .'17. 


Colonel  .John  P.  Chandler 
Department  of  the  Army 

New  England  Division,  Corps  of  Engineers 

424  Trapelo  Road 

Waltham,  Massachusetts,  02154 

Dear  Colonel  Chandler; 

This  letter  and  the  attached  written  statement  arc  in  response 
to  the  "Announcement  of  Late  Stage  Public  Meeting "  concerning 
proposed  flood  control  measures  for  the  Pawtuxet  Elver  whj.it 
was  issued  on  September  15,  1976. 

Our  Corporation's  concerns  about  the  effect  of  the  proposed 
measures  are  summarized  on  the  attached  written  s+ntomen'  . 
Consideration  of  these  concerns  by  the  Corps  of  .•  ,.u  veers  ir 
appreciated. 

Very  truly  yours. 

CIEA-GEIGY  CO RPC P AT J ON 
Cranston  Plant 


“ '  /  -i-f 

Richard  T.  Pincjnce 
Engineering  Manager 

RTP ; cm 
Enclosure 
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Basis  for  Opposition  to  Natick  Division  -  Warwick 
Local  Protection  Proi Get 

1.  While  the  project,  as  proposed,  would  lower  the  level  of  flood 
waters  on  Ciba-Geigy's  property  in  Cranston  in  the  event  of  a 
100  year  storm,  it  would  not  prevent  flooding  of  the  Cerporatrio. 
manufacturing  buildings  or  effluent  treatment  facilities  site. 

2.  The  installation  of  dikes  on  the  Warwick  side  of  the  Vivrr 
would  protect  Ciba-Geigy's  facilities  in  Warwick.  In  the  procevr 
all  of  the  Corporation's  Warwick  property  would  no  longer  "ie  in 
the  "flood  plain".  In  the  event  it  were  necessary  te  install 
new  facilities  on  the  Corporation's  Cranston  property,  compen¬ 
sation,  presumably  in  the  form  of  earth  removal,  would  have  to 
be  made  from  the  Cranston  property  to  meet  the  zero  d*  r;  .laoorrent 
provision  required  by  the  Rhode  Island  Department  of  Natural 
Resources.  With  the  present  limited  land  availability  on  the 
Corporation's  Cranston  property,  this  situation  imposes  a  r.evc’-o 
restriction.  It  would  make  it  virtually  impossible  to  install 
additional  manufacturing  or  effluent  treatment  facilities  in 

the  future. 

10/12/76 
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JOSEPH  A.  KELLY 
JAMES  C  MURPHY 

ROBERT  K.  ARGENT'  ERt 
C  RUSSELL  REMQTiON 
DENNIS  :5  8ALUCH 


Carroll. Kelly  &  Murphy 

COUNSELLORS  AT  LAW 
328  INDUSTRIAL  BANK  BUILDING 
PROVIDENCE  RHODE  ISLAND  0290:* 

ARLA40I-  S9I-72TS! 


November  12,  1976 


Col.  John  P.  Chandler 

Division  Engineer 

New  England  Division  Corns. 

of  Engineers 
Department  The  Army 
474  Trapelo  Road 
Waltham,  Massachusetts  02154 

P.?:  Pawtuxet.  River  -  Natic  Diversion  Tunnel 

Dear  col.  Chandler: 

Please  bn  advised  that  X  i op resent  the  Pawtuxet  Pivot 
Authority.  At  its  meeting  held  on  November  8,  l9~-'-r 
the  Authority  voted  to  have  me  communicate  j :  h 
sentiments  to  you  regarding-  the  Natick  Pi  i  .  n 
Tunnel . 

After  much  study  end  deliberation,  the  Autlio;  •  '•  ~r 
-joctod  tire  Tunnel  as  the  mo-d  practical  way  to  ro-'ro' 
flooding  along  the  river. 

The  Authority  suqgests  the  following  as  possible 
alternatives  which  should  be  studied  i  urthr-r  rtred-nn 
the  river  to  remove  accumulated  rubble,  sludge,  and 
sediments;  removal  of  obsolete  dams  and  bridges  (in- 
c?  tiding  the  Broa  1  Street  Dam);  removal  of  obsolete 
and  demolished  man-made  objects  which  are  <  nr  •■each )  no 
or  the  river;  remodeling  and  rehabilitating  certain 
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Col.  John  P.  Chandler 
November  12,  1976 
Page  2 


of  the  dams  on  the  river;  and  channel  straightening. 

The  Authority  felt  that  these  alternatives  would  not 
only  benefit  the  lower  reaches  of  the  river,  but  the 
entire  river  as  well.  Furthermore,  these  alternatives 
would  best  "restore  the  river  to  its  former  status  as 
a  recreational  asset"  as  mandated  by  the  General  As¬ 
sembly  for  the  State  of  Khode  Island  when  it  created 


Eugene  J.  McCaffrey,  Jr. 

Mayor 

Executive  Chamber  /  City  Hall  /  Warwick,  Rhode  Island  fi/'ROb 


October  15,  1976 

Colonel  John  P.  Chandler 
Division  Engineer 
Corps  of  Engineers 
Department  of  the  Army 
424  Trapelo  Road 
Waltham,  Massachusetts  02194 


Re :  Pawtuxet  River  Basin.  Flood  Pro  joe 


Dear  Colonel  Chandler: 

Please  be  advised  that  fire  Pawtuxet  River  Watershed  Interim  Report 
and  Draft  Environmental  Impact  Statement,  dated  October  I  )Vn. 
were  prepared  by  the  Corps  of  Engineers  have  hpen  n  vJ-mm  1  At 
investigative  studies  deal  with  complex  natural  ,  esni  ■  ■■■:.  of  cu? 
region,  you  have  undertaken  a  massive  •  ompreheusi.ve  o  c  w  •  :.a 
affects  several  communities  in  the  Pawtuxet  River  b»i;.vi  he  j.t.  t< 

of  Rhode  Island.  You  are  to  be  congratulated  on  the  at  •  ,  ■> 

accommodate  growth  and  provide  for  economic  development  wh-lv  ’  :r. 

to  protect  the  natural  resources.  It  is  an  awesome  rc: pec  hi  I  if 
that  should  direct  where  one  in  the  Pawtuxet  River  Basin  H'<v. 
shops,  plays,  and  works  now  and  in  the  future. 

It  is  noted  that  the  Pawtuxet  River  Basin  Flood  Project  was  initia'x.a 
by  the  City  of  Warwick  as  a  result  of  the  1968  flooditu  .  At 
contemporary  history  shows,  had  the  Scituate  Reservoir  been  lull  vine 
the  1968  flood  hit,  "damages  would  have  increased  from  $900,000  t 
$15,000,000  or  a  30-fold  increase."  Furthermore,  significant  lev' 
changes  have  occurred.  Additional  construction  has  occurred  in  the 
river  basin  involving  Midland  Mall,  Warwick  Mall  (two  shopping  centals 
which  presently  occupy  1,300,000  square  feet  of  floor  space  and  It  vo 
a  total  of  125  retail  stores),  488  apartments  of  the  Del  Rio  Con>'-!<v . 
Bulova  Company ,  Ciba-Geigy  Chemica  L ,  and  in  two  industrial  parks;  "liiio 
of  real  property  exceeds  a  low  of  90  and  approaches  a  high  of  ’00 
million  with  approximately  4,750  jobs  in  the  retail  and  matin  fad  >u  t  n.. 
sectors.  In  addition,  the  City  Sewerage  Treatment  Facility  lies  In  the 
river  basin.  In  excess  of  200  families  in  the  Norwood  area  cuulii  he 
affected  by  a  100-year  flood.  These  are  salient  charac let  1st n s  sh.->; 
cannot  be  treated  in  a  light  manner. 
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To  address  the  above  flooding  problems  in  the  Pawtuxet  River  Basin 
the  Corps  has  published  a  recommended  plan  for  implementation  as  a 
total  system.  This  system  consist.;  '>  structural  measures  (Nati<-k 
Diversion  Tunnel  and  local  protection  pro  nets  in  Warwick)  and  an 
action  program  dealing  with  existing  Sritual.  Reservoir  and  piopos 
Big  River  Reservoir  plus  nous  true  turn  1  measures  (national  flood 
insurance  program,  and  code  measures). 

Based  on  the  information  on  hand  at  the  piesent  date,  the  foJ lowin 
steps  of  the  recommended  plan  are  acceptable: 

(1.)  Regulatory  measures  in  both  flood  plain  and  non- flood 
plain  areas  to  alleviate  flooding  problems. 

(2.)  Strict  adherence  to  the  100-year  flood,  niain  by  zoning 
supported  with  building  code  prohibition  No  appeals 
except  to  the  judiciary  (Superior  Court)  would  be 
allowed. 

(3.)  Continued  participation  by  the.  City  of.  Warwick  in  the. 
National  Flood  Insurance  Program 

(4.)  Construction  of  proposed  Big.  Rivet  Reservoir  by  the 
State  of  Rhode  Island  to  meet  the  water  supply  needs 
of  the  metropolitan  area- both  in  terms  of  quantity  and 
quality  for  19fir-9l)  period.  It  should  be  noted  that. 
Warwick’s  demand  for  water  let  1999  p,o  ,c.  ted  pnpu 
lation  can  not  be  met  by  it-,  piesent  suppliers, 

Kent  County  Water  Authority  or  Provident  n  Water 
Supply  Board.  However,  this  citv  is  not  alone  in 
this  aspect,  as  the  East  Bay  communities  have  the 
same  need.  Therefore,  Big  River  Reservoir  can  be 
advanced  exclusively  for  water  supply  pin poses; 
yet  it  can  in  a  secondary  manner  serve  as  additional 
flood  control  storage. 

(5.)  Construction  of  the  local  protection  pro  jo.  t  as 
enumerated  for  Warwick,  with  possible  additional 
height  to  the  dikes  for  added  protection. 

(6.)  A  1'2  to  3’j  foot  taising  of  the  Scituatc  Reservoir 

could  provide  additional  flood  storage  area  which  Is 
not  part  of  the  recommended  Corps  plan  of  implement¬ 
ation.  However,  ’t  his  been  estimated  that  the 
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additional  flood  a'  n.-ige  area  of  Big  Ri  r 
Sciluate,  us  propo;  _-d  above,  would  provide 
percent  of  the  £  *  or  1  .  o  .u.rol  provided  by  the 
Natick  Diversion. 

Therefore,  it  is  obvious  that  based  on  the  above  data,  :  V.  K.;. '  c  ! 
Diversion  portion  of  the  re-  oirmw  uded  plan  for  imp  lemon  La); •  <  i 
opposed  because  of  the  nconoroi  ost  benefit  ratio  leva.  .  d . 

Physical  items  of  oversight  in  the  study  that  warrant  co-e-ir-  at  ■•or, 
include i 

a.  Removal  of  the  large,  winged  concrete  retaining  wall: 

at  Pawtuxet  Village  in  Warwick  that  acts  an  an  obsti  un  ¬ 
ion  to  the  Pawtuxet  River. 

b.  Increase  the  size  an  I  h<  s.ght  of  the  dikes  and  wall 

in  the  local  protection  program  for  the  Warv-w;t  irm. 

e.  Straighten  and  deepen  the  Pawtuxet  River  11  ‘he 
Mall  location  to  its  mouth  at  Pawtuxet  Vil’J  i 

Your  serious  attention  to  these  features  could  provide  study  alter¬ 
natives  not  yet  under  consideration.  The  City  of  Warwick  desire.,  mi 
study  prior  to  a  dismissal  of  the  endeavor.  Your  coopo’a li on  is 
solicited  and  appreciated. 

Yours  very  truly, 


t 

t  (^.5,4/1 
Eugbfie  J 

EJM 


[cCaffcs£y|\ 


Jr. 
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COASTAL  RESOURCES  MANAGEMENT  COUNCIL 
83  Park  Street 
Providence,  R.I.  03903 


October  i 3,  1976 


Mr,  Joseph  L.  Ignacio 
Chief,  Planning  Division 
Department  of  the  Army 
New  England  Division 
Corps  of  Engineers 
Waltham,  MA  02154 

Dear  Mr.  Ignazio 

The  Coastal  Resources  Management  Council  is  legislative!; 
charged  with  planning  for  and  managing  the  coastal  resour' 
of  Rhode  Island.  The  Council  is  concerned  about  the  poten¬ 
tial  impacts  of  the  'Natick  Diversion"  as  described  in  the 
Pawtuxet  River  Watershed  Interim  Report,  Draft  Pnvironment 
Impact  Statement.  After  a  staff  review  of  the  report,  the 
Council  feels  that  certain  questions  remain  to  be  answered 
by  the  Corps  before  the  Council  can  put  foward  a  position 
on  this  development. 

I.  General  Questions 

We  question  the  advisability  of  encouraging  furthe 
development  in  the  flood  plain. 

2.  We  are  uncertain  as  to  how  the  allocation  of  $60 
million  fot  the  "Natick"  project  will  affect 
funding  of  other,  perhaps  more  valuable  Corps  pro¬ 
jects,  in  Rhode  Island. 
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II.  Calculations  and  Assumptions  for  the  Cost/Benefit  Esti¬ 
mate 

1.  Section  1.22  refers  to  Table  1-1  which  is  purported 
to  show  benefit-cost  figures.  Our  copy  of  EIS  did 
not  have  this  Table. 

2.  Figures  1-4,  1-5  indicate  the  tunnel  may  be  full  of 
water  much  of  the  time,  unless  pumped  out,  as  sug¬ 
gested  in  Section  1.17.  Have  these  machinery  costs 
been  considered  in  benefit-cost  evaluation? 

3.  According  to  Section  1.22  the  project  life  is  100 
years.  How  would  a  40  year  life  change  the  benefit 
cost  figures?  Did  the  100  year  life  calculations 
have  machinery  replacement  in  them? 

4.  Sections  2. SI  to  3.03  describe  present  development 
in  the  flood  prone  area.  Table  VI-5,  preceeding 
Section  6.42,  indicates  881  of  flood  damage  is 
experienced  by  industrial  and  commercial  sectors. 

As  one  of  the  alternatives,  why  wasn't  relocation 

of  industry  to  other  sites  considered?  Has  industry 
been  queried  as  to  their  long  range  plans,  i.e.,  if 
they  plan  to  move  in  10  years,  should  their  pro¬ 
tection  be  included  in  benefit-cost  estimates? 

5.  Sections  4.04  to  4.08  indicate  that  some  of  the 
benefits  to  be  realized  concern  the  creation  of 
areas  for  development.  Is  this  feasible?  Is  it 
wanted?  Section  4.08,  especially  shows  land  valu¬ 
ations  and  job  expansion  potential.  Are  these 
figures  good  estimates?  Were  they  used  in  benefit- 
cost  calculations? 

III.  In  the  discussion  concerning  the  diversion  tunnel  cer¬ 
tain  questions  arose; 

1.  Section  6.09  indicates  tunnel  construction  has  not 
been  fully  determined.  How  can  the  costs  of  construc¬ 
tion  be  estimated? 

2.  We  wonder  about  safety  devices  and  procedures  at 
the  intake  end  of  the  diversion.  We  worry  about 
small  boys  in  boats  etc.,  or  swimmers  in  summer. 
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3.  We  wonder  about  the  tunnel  stability  during  earth 
quakes  and  tremors  of  the  1:100  year  type.  We 

did  not  notice  that  the  abject  of  geologic  hazards 
had  been  addressed  at  alt.* 

4.  We  are  concerned  about  the  biological  impacts  of 
anaerobic  water  being  released  into  Greenwich  Bav 
(1.17)  . 

5.  We  wonder  about  the  operation  of  the  tunnel  and 
pumps  during  the  time  of  the  year  when  ice  floes 
may  be  present  in  the  river.  During  the  Februarv- 
March  period  when  ice  can  be  present  and  the  winter 
storm  period  exists,  is  the  time  of  our  concern. 

6.  Sections  4.60-4.72  discuss  the  computer  model.  We 
accept  the  assumption  that  in  the  near  field  the 
outflow  will  be  a  thoroughly  mixed  single  layer 
flow.  We  are  concerned  in  this  region  about  l  •  t tom 
scouring,  suspended  sediment,  and  turbidity  effects 
on  benthic  biota.  In  the  far  field  w  c  si. -pec  t  two 
layer  flow  will  exist,  with  outflow  fresher  water 
riding  over  saline  bottom  water.  Although  net  flow 
out  may  be  as  stated,  we  are  concerend  with  gross 
flow  velocities  in  the  two  oppositely  directed 
layers.  A  related  problem  which  requires  attention 
is  the  effects  which  stratification  would  have  on 
temperature  and  oxygen  in  bottom  water  and  the  dis¬ 
charge  of  pollutants  from  Greenwich  Bay. 

7.  Greenwich  Bay  is  an  already  nutrient  rich  environ¬ 
ment.  The  implications  of  adding  the  extremely 
nutrient  rich  waters  of  the  Pawtucket  Riier  to  the 
Bay  need  to  be  addressed. 

IV.  Specific  Comments 

Chapter  2.  F.nvi  ronmental  Setting  Without  Project 

2.41  Mud  snails  ( i  lyanassa  ob sol  eta  ,  not  Nnssa. ius) 
are  probably  less  important  to  birds  than  are 
other  sna i 1 s ,  .  sma  1 1  bivalves  and  amphipod  crus¬ 
taceans  . 


*  . 

The  Georges  Bank  I: IS,  Volume  4,  includes  a  map  oi  geologic 

hazards.  There  appears  to  be  an  earthquake  epicenter  within 
the  project  line. 
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Chapter  3. 

3.02  A  map  indicating  the  primary  impact  area  would 
be  helpful. 

Chapter  4. 

4.12  We  question  whether  adequate  attention  has  been 
given  to  construction  impacts.  We  are  concerned 
about  such  things  as  sediment  loads,  spilled  fuel 
high  pH  runoff  from  concrete.  These  issues  must 
be  addressed  so  that  measures  to  mitigate  impact 
can  be  undertaken. 

4.58  We  question  the  validity  of  the  conclusion  thal 
water  quality  of  Apponnaug  Cove  will  not  be 
affected  (dissolved  Ot,  suspended  sediments  and 
temperature).  The  addition  of  sediments,  particu 
larly  important  after  storms,  will  undoubtedly 
affect  these  parameters. 

4.60  We  feel  the  impacts  of  reduced  salinity  regime 
should  be  more  fully  discussed.  Significant 
salinity  reductions  may  occur  over  5  day  periods. 
We  feel  this  is  potentially  very  important. 

4.61  Do  these  calculations  consider  the  effects  of 
leach  field  flooding? 

Chapter  6. 

6.24  We  strongly  believe  the  alternative  plans  of  No 
Action  and  Regulatory  Measures  should  be  given 
further  consideration. 

We  thank  you  for  the  opportunity  to  review  this  project  and 
look  forward  to  continued  cooperation  and  coordination  with 
the  Corps  of  Engineers. 
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OFFICE  OF  THE  DIRECTOR 


United  States  Department  of  the  Interior 

GEOLOGICAL  SURVEY 
RESTON,  VIRGINIA  22092 


In  Reply  Refer  To: 
EGS-ER-76/965-MS750 


Mr.  Joseph  L.  Ignazio 
Chief,  Planning  Division 
Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  Massachusetts  02154 

Dear  Mr.  Ignazio: 

We  have  reviewed  the  draft  environmental  statement  for  the  Pawtuxet  River 
Watershed  Study. 

It  is  noted  that  the  additional  volume  of  water  going  into  Apponaug  '  ove 
will  not  cause  significant  flooding  beyond  the  level  which  is  presertly 
experienced  from  tidal  flooding  (p.  4-9,  par.  4.49).  However,  the  effects 
of  flooding  on  areas  adjacent  to  Apponaug  Cove  resulting  from  maximum 
discharge  of  Natick  Diversion  (13,000  cubic  feet  per  second)  during  worse- 
case  conditions  of  storm-generated  incoming  tides  within  the  Cove  should 
be  addressed. 

Thank  you  for  the  opportunity  to  comment  on  the  environmental  statement. 

Sincerely  yours. 


^  Director  ( 


I 


3-46 


ER  76/965 


United  States  Department  of  the  Interior 

BUREAU  OF  MINES 

■1811(1  KORRF.S  AVFM'f 

prnsm'Rtai,  pknnsyi.vania  ir."i:t 

November  3,  1976 


District  Engineer 
Department  of  the  Army 

New  England  Division,  Corps  of  Engineers 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Dear  Sir: 


Re:  Review  of  Draft  Environmental  Impact  Statement 
for  Pawtuxet  River  Watershed  Study,  Kent  and 
Providence  Counties,  Rhode  Island 

We  have  reviewed  the  subject  statement.  The  project  is  located  nine 
miles  southwest  of  the  City  of  Providence,  and  entails  construction  of 
a  13,000  foot  floodwater  diversion  tunnel  and  assorted  dikes,  flood- 
walls,  and  other  flood  control  structures. 

The  geology  of  the  affected  area  is  the  Rhode  Island  formation,  con¬ 
sisting  of  sandstone,  lithic  graywacke,  dark  shale,  and  conglomerate. 
The  area  has  limited  resources  and  production  of  stone  and  sand  and 
gravel,  but  one  sand  and  gravel  pit  located  in  the  floodplain  would 
apparently  benefit  from  the  proposed  action.  Additionally,  the  "flood- 
proofing"  of  several  major  highways,  including  Interstate  95,  may 
improve  minerals  transport  in  the  area.  No  adverse  impact  on  mineral 
production  or  resources  is  anticipated. 

The  statement  contains  no  geologic  description  or  mineral  production 
or  resources  assessment.  Inclusion  of  such  material  would  facilitate 
the  future  review  and  evaluation  of  this  project's  Final  Environmental 
Impact  Statement. 


Sincerely  yours, 

Robert  D.  Thomson,  Chief 
Eastern  Field  Operation  Center 
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INDIVIDUAL  MEMDf.ttSHlPS  OVER  15.000 


JOHN  F  DEMING,  President 
40  Harrington  Road 
North  Kingstown.  R.1. 02852 


ROBERT  MURRAY  Treasurer 
153  Potter  Street 
Cranston,  R.1. 02910 


ANNE  D.  HOLST,  Secretary 
P.O.  Box  125 

Exit  Greenwich,  R.1. 02818 
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States  Department  of  the  Interior 

BUREAU  OP  OUTDOOR  RECREATION 
NORTHEAST  REGIONAL  OFFICE 
Federal  Building  *  Room  9310 
600  ARCH  STREET 
Philadelphia,  Pennrylvania  19106 


.  NOV  5  1976 

Chief,  Planning  Division 

Dew  England  Division 

Corps  of  Engineers 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Dear  Mr.  Ignazio: 

This  responds  to  your  request  of  September  29,  1976  for  comments 
on  the  draft  environmental  statement  for  Pawtuxet  River  Watershed 
Study,  Kent  and  Providence  Counties,  Rhode  Island. 

The.  statement  would  be  improved  if  it  mapped  the  recreational  areas; 
discussed  in  the  text,  especially  their  location  with  respect  to 
proposed  construction.  The  final  statement  should  indicate  whether 
any  of  the  "smaller  parklands"  (par.  2.80)  are  public.  If  public, 
the  statement  should  comment  on  any  direct  impacts  upon  these 
parklands . 


Sincerely, 


JAMES^jj.  DONOCF 
/Assistant  Regional  Director 
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1 N  KF  1*1  F  Rt  FF  R  Ill 

-7619-NAR-  (PE) 
1-76/965 


United  States  Department  of  the  Interior 

NATIONAL  PARK  SERVICE 

NORTH  ATLANTIC  REGION 
)»  CAUSEWAY  STREET 
BOSTON,  MA.  02114 

November  9,  1976 


Colonel  John  H.  Mason 

Division  Engineer 

Department  of  the  Army 

New  England  Division 

Corps  of  Engineers 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Dear  Colonel  Mason: 

Our  Departmental  Office  of  Environmental  Project  Review  has  asked  that 
our  comments  on  your  draft  environmental  statement  for  Pawtuxet  River 
Watershed  Study  (Kent  and  Providence  Counties,  Rhode  Island)  be  sent 
directly  to  you.  We  understand  that  a  Departmental  commentary  will  be 
made  later  when  requested  by  the  Chief  of  Engineers. 

We  are  pleased  to  note  the  consideration  given  in  your  draft  environmental 
statement  for  the  protection  of  cultural  resources.  The  Corps'  commit¬ 
ment  to  maintain  coordination  (page  4-4)  with  the  Rhode  Island  Historic 
Preservation  Commission  is  good  and  essential.  Also  essential  is 
accomplishment  of  the  underwater  survey  of  Apponaug  Harbor  as  relating 
to  Area  A  and  the  Natick  Diversion  outlet  works  prior  to  completion  of 
final  design  and  start  of  construction. 

The  final  environmental  statement  should  contain  the  results  of  the 
underwater  survey  and  recommendations  therefrom  and  report  further  on 
coordination  with  the  State  Historic  Preservation  Officer  (Rhode  Island 
Historic  Preservation  Commission) . 


Sincerely  yours. 


Jack  E.  Stark 
Regional  Director 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

FISH  AND  WILDLIFE  SERVICE 

Post  Office  drill  Courthouse  Build  ng 
BOSTON.  MASSACHUSETTS  02109 


Division  Engineer 

New  England  Division,  Corps  of  Engineers 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Dear  Sir: 

Mr-  Ignazio's  letter  of  September  29,  1976,  requested  Departmental  comments 
on  the  Draft  Environmental  Statement  for  the  Pawtuxet  River  Watershed  Study, 
Kent  and  Providence  Counties,  Rhode  Island  (ER-76/965) .  Our  review  is  pro¬ 
vided  under  authority  of  the  National  Environmental  Policy  Act  (PL  91-190) . 

The  primary  emphasis  of  the  Fish  and  Wildlife  Service  review  is  to  deter¬ 
mine  the  overall  adequacy  of  the  statement  with  respect  to  fish,  wildlife, 
and  related  resources  and  the  impacts  of  the  proposed  action  on  these  re¬ 
sources  and  the  utilization  of  such  resources  by  hunters,  fishermen,  trappers 
bird  watchers,  nature  photographers,  education  groups,  and  others. 

We  offer  the  following  comments. 

General  Comments 


We  consider  information  presented  in  the  Environmental  Impact  Statement 
to  be  of  a  general  nature  with  insufficient  detail  to  predict  and  detect 
changes  in  environmental  conditions  or  marine  resources  brought  about  as 
a  result  of  the  Natick  Diversion.  The  statement  lacks  the  depth  and  detail 
concerning  environmental  factors,  as  usually  found  in  a  standard  102  state¬ 
ment.  The  extent,  value,  use  and  relationship  of  ecological  systems  are 
not  really  discussed.  The  impact? of  major  alternative  project  proposals 
on  these  systems  are  also  not  addressed. 

Additional  attention  is  needed  in  comparing  the  project  impacts  (during  the 
100-year  project  life)  on  the  resources  expected  to  occur  during  the  same 
period.  The  project  impacts  are  often  evaluated  as  though  they  affect  only 
today's  resources.  This  is  an  error  because  the  resources,  their  value  and 
use  may,  or  may  not,  change  before  the  project  is  even  constructed! 
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Detailed  Comments 


1.00  Project  Description 

Page  1-3,  para.  1.14  &  1.15  -  This  section  should  be  clarified.  As  written 
it  indicates  that  the  sluice  gates  will  be  closed  and  the  entire  flow  of 
the  river  will  be  diverted  to  Apponaug  Cove  unless  flows  exceed  the  diver¬ 
sion  capacity. 

We  understand  that  only  flow  rates  in  excess  of  the  maximum  river  capacity 
(approximately  2,000  cfs)  are  to  be  diverted  to  Apponaug  Cove.  Sufficient 
flows  must  be  passed  below  the  diversion  intake  during  siphon  operation 
in  order  to  maintain  existing  wildlife  and  potential  fish  resources  within 
the  by-passed  section  of  the  river. 

Page  1-3,  para.  1.17  -  This  section  indicates  that  if  an  anaerobic  condition 
occurs  inside  the  tunnel,  pumps  and  portals  could  be  provided  for  dewatering. 
The  lack  of  discussion  and  detail  concerning  this  problem  indicates  that  a 
complete  study  of  the  potential  for  an  anaerobic  condition  and  its  probable 
effect  is  warranted.  The  discharge  of  approximately  69,000,000  gallons  of 
stagnant  water  retained  within  the  tunnel  with  each  diversion  of  flood  flows 
could  have  a  disastrous  effect  on  living  resources  of  Apponaug  Cove  and 
Greenwich  Bay.  We  submit  that  if  studies  indicate  that  an  anaerobic  condi¬ 
tion  is  likely,  then  pumps  and  portals  must  be  provided  and  the  tunnel  pumped 
dry  before  an  anaerobic  condition  is  allowed  to  develop. 

Page  1-4,  para.  1.22  -  Table  1-1  summarizing  project  benefits  is  missing 
from  our  copy  of  the  EIS . 

2.00  Environmental  Setting  Without  the  Prolect 

The  environmental  setting  without  the  project  should  depict  the  resources 
as  they  are  expected  to  be  over  the  100-year  project  life.  Much  of  this 
discussion  depicts  the  existing  resource  which  will  not  be  affected  by  the 
project . 

This  section  of  the  report  does  not  present  definitive  information  on  sport 
and  commercial  fisheries  or  their  habitat  in  the  Apponaug  Cove-Greenwich 
Bay  area.  Therefore,  an  evaluation  of  the  possible  impact  of  the  diversion 
on  spawning  activities,  the  use  of  the  area  as  a  nursery  ground,  and  as  a 
source  of  commercial  and  recreational  harvest  cannot  be  made.  Detailed 
studies  are  required  to  provide  information  to  allow  a  determination  to  be 
made. 

Page  2-3.  para.  2.16  -  Figure  II-l  does  not  portray  an  area  of  Class  E  water 
quality.  The  location  of  this  area  as  indicated  in  the  text  should  be  por¬ 
trayed  in  Figure  II-l.  Also  it  is  unclear  whether  Figure  II-l  represents 
the  existing  water  quality  of  the  lower  Pawtuxet  watershed  or  simply  the 
standards  set  for  1975. 

Page  2-4,  para.  2,20  -  If  the  Pawtuxet  River  exceeds  state  stream  standards 
as  indicated,  what  is  the  existing  actual  water  quality  classification  in 
the  area  of  the  proposed  diversion? 
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This  section  should  be  expanded  to  include  and  present  all  J-.t-mical  ana 
biological  constituents  and  properties  of  the  river  at  the  diversioi'  site. 

Page  2-6,  para.  2.34  -  This  paragraph  should  be  expanded  to  include  the 
following: 

"With  pollution  reduction  and  adequate  stream  flow  the  lower  11.2  miles 
the  Pawtuxet  could  support  a  warm-water  fishery  based  upon  Inrgemo'n  h  o."  «  , 
northern  pike  and  chain  pickerel.  The  potential  of  this  fishery  lv: :c-  on  ... 
population  of  100  lbs.  of  fish/acre  and  i  407  harvest  of  one.  pound  ,i  fish 
per  day,  exceeds  5,400  man-days  of  fishing  per  year.  With  extensive  access 
and  a  return  of  anadromous  species  the  lower  river  fishery  could  be  expanded 
manyfold. 

"There  is  a  definite  interest  in  restoration  of  the  historic  runs  of  anadro¬ 
mous  fish  to  the  Pawtuxet  River.  Major  interest  is  in  the  restoration  of 
alewives.  Obstacles  to  restoration  of  alewives,  shad  and  to  a  lesser  extent 
smelt  and  possibly  steelhead  trout  are  dams,  pollution,  and  low  flows.  With 
proper  management,  such  as  fishway  construction,  pollution  abatement  and 
streamflow  regulation,  anadromous  fish  could  once  again  become  a  valuable 
natural  resource  for  residents  of  this  watershed  and  the  state." 

Page  2-7,  para.  2.39  -  Data  and  information  from  Southeastern  Mass*  Lusctts 
University's  Environmental  Survey  of  Apponaug  Cove  and  Greenwich  Y -y  (page  4- 
para.  4.51)  should  be  utilized  to  specify  organisms  which  inhabit:  the  variov.* 
ecological  communities. 

Page  2-12,  para.  2.74  -  The  discussion  of  the  comiuerciaJ  shellfish  i.r- ■■•■ustrv 
is  inadequate.  As  indicated, much  of  the  desired  information  is  unavailable. 
In  order  to  accurately  discuss  the  diversion's  impact  on  the  industry,  a 
thorough  study  of  hard  and  soft  clam  commercial  harvest,  effort,  and  potentin 
for  expansion  in  the  area  of  the  bay  is  necessary. 

4.00  The  Probable  Impact  of  the  Proposed  Action  on  the  Environment 

The  depicted  probable  impacts  of  the  proposal  are  mostly  derived  by  compar¬ 
ing  the  project  (as  though  it  is  already  in  place)  with  today's  resources. 
Consideration  must  be  given  to  expected  changes  in  the  resource  situation 
over  the  period  of  analysis.  For  example,  stream  pollution  is  expected  to 
be  abated  in  the  future  with  a  resulting  improvement  in  the  fishery  resource. 
It  is  this  improved  resource  that  will  be  impacted  by  the  diversion.  The 
100-year  economic  life  of  the  diversion,  measured  from  the  date  construction 
is  completed,  can  also  be  assumed  as  a  minimum  physical  life.  Major  changes 
in  the  resources,  their  value  and  use  can  be  expected  over  this  period. 

The  proposed  diversion,  therefore,  impacts  the  potential  fishery  resource, 
not  the  existing  resource. 

Page  4-1,  para.  4.01  -  This  section  forecasts  the  impact  of  sedimentation  as 
minor  due  to  the  limited  drainage  basin  and  numerous  small  dams.  We  suggest 
that  this  section  be  re-evaluated  in  light  of  the  periodic  maintenance  dredg¬ 
ing  which  has  and  will  occur  every  eight  to  ten  years  when  approximately 
45,000  cubic  yards  of  sediment  material  requires  removal  from  Pawtuxet  Cove 
at  the  mouth  of  the  Pawtuxet  River. 


5-53 


r 


Page  4-1,  para.  4.03  -  The  diversion  of  flood  flows  would  not  have  a  signifi¬ 
cant  effect  on  existing  fish  and  wildlife  resources  of  the  river  system. 
However,  in  the  context  of  potential  fisheries,  the  diversion  of  flood  flows 
could  upset  a  recovered  river  ecosystem. 

With  pollution  reduction  and  restoration  of  : resh-water  fisheries  potential, 
diversion  of  flood  flows  could  be  detrimental  to  those  species  which  may 
spawn  in  the  lower  reach  of  the  Pawtuxet  River.  Proper  water  depth,  water 
velocity  and  water  quality  must  be  maintained  below  the  diversion  during 
siphon  operation  in  order  to  maintain  the  lower  Pawtuxet  River  a6  a  potential 
spawning  area. 

The  Natick  Diversion  plan  as  proposed  will  present  insurmountable  obstacles 
to  restoration  of  anadromous  fisheries  within  the  Pawtuxet  watershed  follow¬ 
ing  pollution  reduction.  The  overflow  dam,  spillway  crest,  and  Natick  Pond 
Dam  will,  in  combination,  prevent  upstream  migrations.  Diverting  water  from 
the  lower  Pawtuxet  during  migration  periods  could  affect  the  homing,  spawning 
success,  and  juvenile  development  of  anadromous  species.  Without  the  normal 
increased  volumes  of  water  discharged  from  the  river  during  spring  and 
autumn,  adult  and  juvenile  fish  may  not  be  stimulated  to  migrate  at  the 
proper  time.  If  these  seasonal  peak  flows  (freshets)  do  not  occur,  fish 
may  not  migrate  at  all. 

Effects  on  anadromovs  species  will  also  be  encountered  at  the  withdrawal  site. 
Should  adults  reach  spawning  sites,  eggs  and  young  fish  moving  downstream 
would  be  pulled  into  the  opening  of  the  intake  with  diverted  flows.  Mech¬ 
anical  damage  will  be  incurred  during  passage  through  the  tunnel.  Lpon  dis¬ 
charge  to  Apponaug  Cove,  eggs  and  young  fish  would  be  subjected  to  sharp 
increases  or  decreases  in  temperatures,  increased  salinities,  and  rapid 
changes  in  pressure. 

Page  4-4.  para.  4.18  -  This  section  indicates  that  there  will  be  no  impact 
on  existing  recreational  resources.  Page  4-2,  para.  4.08,  however,  indicates 
that  about  eight  acres  (approximately  three  acres  of  streambed  and  five  acres 
of  the  Pawtuxet  River  Reservation)  of  recreation  and  conservation  land  are 
to  be  ’.onverted  to  industrial  use.  Shortening  the  river  in  this  area  and 
converting  conservation  and  recreation  land  to  industrial  use  will  result 
in  loss  of  bird-watching,  nature  study,  wildlife  photography,  and  fishing 
opportunity. 

Page  4-10,  para.  4.53  -  The  low  level  of  flooding  analyzed  by  the  computer 
is  a  rate  of  200  cfs.  Page  1-4,  para.  1.18,  however,  indicates  that  the 
diversion  rate  in  most  years  would  be  in  the  order  of  300  to  800  cfs.  In  the 
final  EIS  we  suggest  this  section  present  the  data  for  300  and  800  cfs  diver¬ 
sion  rates  to  more  accurately  reflect  the  expected  annual  event. 

Page  4-10,  para.  4.53  -  It  would  be  helpful  if  a  table  presenting  chemical 
and  biological  constituents  and  properties  of  the  river.  Cove,  and  Bay  were 
presented  for  the  same  periods  or  dates.  This  would  be  especially  helpful 
since  the  water  quality  classifications  range  from  C,  SC,  SB,  to  SA.  (Also 
see  comments  on  para.  4.58.) 

Page  4-10,  para.  4.58  -  This  section  should  be  expanded  to  cover  all  water 
quality  parameters.  This  seems  especially  appropriate  because  as  indicated 


on  page  2-4,  para.  2.20,  pollutants  associated  with  urban  runoff  will  be 
carried  into  the  river  and  diverted  to  the  Cove  and  hay.  Decent  1'P/  studies 
indicate  that  stormwater  runoft  in  many  cities  is  heavily  laden  with  zinc 
and  lead  and  that  it  probably  contributes  a  greater  pollution  load  than  a 
city’s  treated  waste  outfalls.  In  some  areas,  the  oxygen  demand  of  urban 
stormwater  runoff  is  three  to  five  times  greater  than  that  of  treated  waste- 
water.  Also,  as  indicated  on  page  2-4,  para.  2.23,  heavy  metals  are  stilt 
present  in  sediment  deposits  of  the  river.  During  flood  periods  these  sedi¬ 
ments  could  b<  scoured  and  suspended  in  the  diverted  flood  water.  Heavy 
metals  if  diverted  to  the  Cove  and  Bay  could  be  assimilated  by  shellfish  and 
f infish  resources.  Pesticides  also  could  be  diverted  with  flood  flews  and 
assimilated  by  fishery  resources.  As  a  result  of  physiological  phenomena 
exhibited  by  marine  organism^ elements  contained  in  the  diverted  flood  waters 
could  be  assimilated  and  concentrated  in  their  structures.  Estimates  of 
biological  accumulation  relative  to  quantities  of  heavy  metals  and  pesticides 
contained  in  river  flood  flows  should  be  presented. 

Page  4-11,  para.  4.60  -  We  question  the  advisability  of  using  a  salinity 
reading  of  10  ppt  as  the  minimum  point  at  which  there  will  be  some  (adverse) 
effect  to  marine  life.  Depending  on  the  duration  of  reduced  salinities  con¬ 
centrations  of  17.5  ppt  have  been  shown  to  cause  mortality  among  hard  clams 
during  or  immediately  after  metamorphosis. 

Additionally,  detailed  assessment  of  salinity  tolerance  of  plants,  inverte¬ 
brates,  and  fishes  are  difficult  because  salinity  effects  proper  may  be  in¬ 
creased,  masked,  or  reduced  by  other  simultaneously  effective  environmental 
factors  such  as  light,  temperature,  water  movement,  dissolved  gases,  vxtri- 
tion,  and  interaction  between  co-existing  organisms. 

More  detailed  information  on  tolerances  to  salinity  variations,  plus  asso¬ 
ciated  variables  such  as  temperature,  oxygen  content,  density  and  ionic 
composition,  etc.,  are  necessary  before  cause  and  effect  relations  can  be 
assessed  properly. 

Page  4-12,  para.  4.61  -  If  desirable  to  show  the  worst  case  condition  the 
highest  concentration  encountered  during  the  sample  period  should  be  pro¬ 
jected.  Also  it  would  be  helpful  if  data  resulting  from  an  actual  flood 
event  (flows  in  excess  of  2,000  cfs)  containing  urban  runoff  could  be 
analyzed  and  projected  for  all  chemical  and  biological  constituents. 

Page  4-12,  para.  4.63  -  (See  comments  p.  4-10,  para.  4.53) 

Page  4-12,  para.  4.64  -  The  data  presented  represent  only  those  coliforms 
contributed  by  the  diversion.  In  order  to  fully  evaluate  the  diversion's 
impact  on  the  Cove  and  Bay,  cumulative  data,  i.e.,  that  concentration  re¬ 
sulting  when  all  sources  of  coliform  are  considered,  should  be  presented. 
Higher  values  than  those  depicted  would  likely  occur. 

5D0  Probable  Adverse  Environmental  Impacts  That  Cannot  be  Avoided 

Conclusions  presented  in  these  sections  are  judgments  based  on  incomplete 
or  short-term  environmental  surveys.  While  it  is  recognized  that  value 
judgments  must  be  made  on  incomplete  information,  the  report  has  suggested 
no  alternative  remedies  available  if  future  resource  losses  prove  to  be 
significant . 


3-55 


In  order  to  prevent  unnecessary  destruction  of  fish,  shellfish  and  wildlife 
habitat  and  provide  enhancement  opportunities  for  these  resources,  the  follow¬ 
ing  investigations  will  need  to  be  undertaken. 


1.  A  complete  inventory  of  existing  resources  within  the  Cove  and  Bay 
which  will  be  necessary  in  order  to  predict  anticipated  changes. 

2.  A  determination  of  the  suitability  of  the  Pawtuxet  for  anadromous 
fisheries  restoration  in  conjiv  • ion  with  pollution  abatement. 

3.  A  determination  of  the  need  for  fish-pass.  -  facilities  at  barrier 
dams . 

4.  A  determination  of  flow  releases  necessary  to  facilitate  pollution 
abatement  and  fish  passage  in  the  lower  Pawtuxet. 

5.  A  determination  of  possible  adverse  effects  on  the  fishery  for  ana¬ 
dromous  species  expected  frcm  diversion  of  water  to  Apponaug  Cove. 

6.  A  determination  of  the  impacts  a  diversion  program  might  have  on  a 
restored  Pawtuxet  fishery  and  the  extent  to  which  requirements  of 
the  fishery  would  limit  diversion  programs. 

7.  A  determination  of  the  effect  on  1  infish  and  shellfish  of  salinity 
changes  and  associated  variables  caused  by  the  diversion. 

8.  A  determination  of  the  effect  on  finfish  and  shellfish  of  silt  redis¬ 
tribution  and  introduction  caused  by  the  diversion. 

9.  A  determination  of  the  effect  on  phytoplankton  and  zooplankton,  especially 
ichthyoplankton,  of  temperature  and  salinity  changes  caused  by  the  diversion. 

10.  A  determination  of  the  effect  of  the  diversion  upon  the  entrance, 
temporary  residence,  and  egress  of  various  species  of  young  estuarine 
fish  which  depend  on  Apponaug  Cove  for  a  nursery. 

11.  A  determination  of  effects  on  bottom  organisms  of  changing  conditions 
caused  by  the  diversion. 

12.  A  determination  of  the  best  means  to  alleviate  the  problem  of  stag¬ 
nant  water  retained  in  the  tunnel . 

This  section  should  contain  the  following  information  in  addition  to  that 
presented : 

Terrestrial  Ecology 

The  major  expected  adverse  terrestrial  effects  are  those  associated  with 
the  long-term  loss  of  biological  productivity  through  the  removal  of  ripar¬ 
ian  habitat.  Riparian  habitat  will  be  replaced  by  dikes  and  floodwalls 
and  construction  facilities.  In  all  about  20  acres  of  the  30  acres  to  be 
cleared  for  construction  of  the  local  protection  projects  will  be  devoted 
to  long-term  non-biological  use.  The  loss  of  riparian  habitat  will  result 
in  the  demise  of  a  segment  of  small  mammal  and  invertebrate  populations 
associated  with  this  habitat.  There  is  expected  to  be  some  loss  of  cover, 
breeding  habitat,  forage  and  home  range  area  for  birds  and  larger  mammals. 
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It  the  slopes  of  thu  dike  are  >;i?o  !e<i  with  viidiif  i.a d  plantings  f  a 
20-ioot  buffer  is  left  between  the  base  ot  the  dikes  and  tli-;  liver,  (... 
will  provide  habitat  for  native  plant  a  and  animal-'. 

aquatic  Ecology 

Construction  of  the  dikes,  floodwalls  and  diversion  are  not  expected  to 
adversely  atf-  ct  existing  fresh-water  fishery  resources.  With  poa let : on 
reduction  and  a  restored  fresh-water  and  anadromous  fishery,  ilu  W' r 
segment  of  tr.  project  with  its  cnaunc .  •  location  will  res  ul  in  ■o»;f 
of  24,000  scy  -.re  feet  of  stream  habitat  1,200  feet  of  potential  stream 

ban.K  access. 

Consti  ictiou  of  the  diversion  will  result  in  the  permanent  de.st.iu.  of 
one-qua'ter  acre  of  saltmarsh  and  bottom  habitat  in  Apponaug  Cove.  In 
addition.,  the  :  i  vers  ion  tnav  result  in  the  permanent  loss  of,  or  greatly 
impair  the  potential  for.  anadromous  fisheries  restoration  within  tie 
Pawtuxct  watershed. 

b.uO  alternatives  to  the  Proposed  -.ction 

The  discussion  ..  f  altert>sf  ives  is  weak  and  appears  to  be  based  cr-  -  -.niomic, 
not  environmental,  considerations. 

Page  p^ra.  t>.i)S  -  The  Environmental  Quality  (EQ)  y  l  sc  as  out.-a-sd  con¬ 

sists  of  Alternative  D,  the  plan  for  cikes  and  floocvull  -  ;r  the  Wi*;itfc  and 
Norwood  ar-.  i.  This  alternative  is  designated  as  the  t.  y,  •  :  teccuee-  it  is 
the  least  envi  rorar.ontal  ly  damaging  of  the  alternatives  pt  ei.-cr  ted  >-:r  under¬ 
standing  or  to  L0  ylan  is  one  which  enhances  cy  manageaier  i  .  iori. e  vat  ion, 
preservation,  creation,  restoration  or  improvement,  the  quality  c*'  '•ertain 
natural  and  cultural  resources  and  ecological  systems  ir  tic  are-,  undo"  study. 
We  question  v nether  Alternative  l»  constitutes  an.  l.Q  plan  as  or.vi.--i  ned  by 
the  Water  Resources  Council’s  Principles  and  standards  for  Planning. 

luge  5-lb,  para.  6.74  -  A  discussion  of  Alternative  D  should  also  evaluate 
the  possibility  of  eliminating  the  channel  relocation  and  providing  dikes 
following  the  southern  bank  of  the  meander.  This  would  eliminate  conversion 
of  publicly-owned  conservation  and  recreation  land  to  single-purpose  use. 

Page  6-18,  para.  6.79  -  Alternatives  C-l  and  C-2  do  not  appear  to  be  the  most 
environmentally  sound  approach  to  solving  the  flood  problems  in  the  lower 
watershed.  A  sound  land  treatment  program  accompanied  by  selective  diking, 
floodproof ing,  floodplai.  zoning  and  flood  insurance  would  essentially 
eliminate  the  threat  to  fish  resources  of  the  area  and  also  water  quality 
of  jioponaug  Cove  and  Creenwich  Bay. 

7.00  The  Relationship  Between  Local  Short-Term  Uses  of  Han's  Environment 
and  the  Maintenance  and  Enhancement,  of  Long-Term  Productivity 


Page  7-1,  para.  7.02  -  This  section  concludes  that  the  only  pollution  factor 
of  significance  will  be  the  introduction  of  coliforras.  We  believe  that  a 
thorough  analysis  of  additional  pollutants  contributed  through  urban  runoff 
shot,  id  receive  equal  consideration.  Pollutants  such  as  heavy  metals,  in- 
.ucticidos,  and  pesticides,  and  the  biological  oxygen  demand  of  flood  waters 


should  be  similarly  summarized .  The  effects  of  their  introduction,  assimila¬ 
tion  and  concentration  by  species  within  the  Cove  and  Bay  could  have  serious 
effects  on  the  long-term  productivity  of  fish  and  wildlife  i^souices  utiliz¬ 
ing  the  area. 

Page  7-1,  para.  7.03  -  Apponaug  love  is  a  nursery  and  spawning  area  ior  winter 
flounder.  During  larval  development,  modest  changes  in  salinity  may  have 
lethal  effects  on  fish  larvae. 

This  section  does  not  consider  future  uses  an  ’  changing  needs  of  society  with 
respect  to  managing  coastal  zone  areas.  A  Qj  jssion  of  whether  the  diver¬ 
sion  is  consistent  with  long-term  objectives  1 i  >•  coastal  zone  management  is 
needed . 

8.00  Irreversible  and  Irretrievable  Commitments  of  Resources  That  Would  Be 
Involved  by  Construction  of  The  Considered  Action 

This  section  identifies  only  the  depletable  material  resources  consumed. 
Non-material  resources,  including  a  range  of  beneficial  uses  of  the  environ¬ 
ment  should  be  included. 

Resources  which  may  be  irreversibly  committed  by  construction  and  operation 
of  the  project  are:  (1)  biological  species  destroyed  in  the  vicinity,  (2) 
water  bodies  to  receive  discharges  to  the  extent  that  other  beneficial  uses 
are  curtailed,  and  (3)  land  areas  rendered  unfit  for  other  uses. 

This  section  should  also  list  the  irreversible  loss  of  1/4  acre  of  saltmarsh 
and  bottom  habitat  in  Apponaug  Cove  due  to  construction  of  the  diversion  out¬ 
fall.  Approximately  24,000  square  feet  of  stream  habitat  and  1..00  feet  of 
stream  bank  will  be  permanently  lost  due  to  the  channel  excavation  in  the  area 
of  the  Warwick  Industrial  Park. 

A  total  of  approximately  20  acres  of  riparian  habitat  will  be  cleared 
and  occupied  by  the  dikes  and  floodwalls. 

Also,  the  loss  of  a  biological  resource  is  an  irreversible  commitment,  in 
one  sense,  if  remedial  actions  are  not  taken  to  correct  such  losses  during 
the  life  of  the  project. 

Summary  Comments 

We  are  concerned  that  the  project  and  alternatives,  as  presented,  afford 
no  outstanding  benefits  to  fish  or  wildlife.  In  general,  adverse  impacts 
appear  to  outweigh  benefits.  Adverse  impacts  resulting  from  the  recommended 
project  include: 

(1)  Permanent  destruction  of  1/4  acre  of  saltmarsh  and  bottom  habitat  in 
Apponaug  Cove. 

(2)  Periodic  pollution  of  Apponaug  Cove  and  Greenwich  Bay  in  association 
with  siphon  operation. 

(3)  Permanent  loss  of  or  greatly  impaired  potential  for  anadromous  fish¬ 
eries  restoration  within  the  Pawtuxet  watershed. 
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(4)  Permanent  destruction  of  24,000  square  feet  of  stream  habitat  a  ’  loss 
of  1 ,  2 00  feet  of  potential  c  vee.  ".’  bank  access 

(5)  Loss  of  stream  bank  vegetat fi  n  and  associated  wildlife  displaced  by 
dike  and  flood  wall  structures. 

(6)  Conversion  of  eight  acres  of  publicly-owned  recreation  >■  .1  r  .-’.i-  <. 

lands  to  ^ingle-purpose  use. 

In  addition,  here  are  many  aspects  whi.  have  potential  for  harm  hut  have 
not  been  thciuughly  evaluated  or  eliminated  from  concern  by  presentation  of 
substantiating  data.  They  are  primarily  associated  with  operation  cl:  the 
Natick  Diversion  and  its  potential  effect  on  marine  resources  of  Apponaug 
Cove  and  Greenwich  Bay.  Effects  on  marine  resources  not  thoroughly  assessed 
include: 

(1)  Salinity  changes  as  influenced  by  associated  variables  caused  by  the 
diversion  of  fresh  water  to  Apponaug  Cove. 

(2)  Silt  introduction  and  redistribution  caused  by  the  diversion. 

(3)  Temperature  changes  caused  by  the  diversion. 

(4)  Possible  changes  in  the  value  of  Apponaug  Cove  as  a  nursery  rrea. 

(5)  Changes  in  bottom  conditions  caused  by  the  divers  .on. 

(6)  Pollution  of  marine  waters  caused  by  stagnant  water  rerained  . to 
tunnel  and  the  effects  its  discharge  will  have  on  marine  resources. 

In  summary,  there  are  aspects  of  the  Natick  Diversion  which  need  iui..ier 
in-depth  study  and  have  not  been  thoroughly  evaluated.  Further  studies 
will  be  required  to  determine  the  effects  of  the  diversion  on  fish  resources 
of  the  area  and  also  water  quality  of  Apponaug  Cove  and  Greenwich  Bay.  Il 
is  recommended  that  the  project  not  be  implemented  but  re-evaluated  on  the 
basis  that  a  sound  land  treatment  program,  accompanied  by  a  modified  Warwick 
Local  Protection  Project  and  flood  proofing,  floodplain  zoning,  and  flood 
insurance  would  appear  to  be  a  more  environmentally  sound  project. 


AC  I 


Regional  Director 


W) 


UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 

REGION! 


J.F .  KENNEDY  FEDERAL  BUILDING,  BOSTON,  MASSACHUSE  TTS  02203 


November  12,  1976 


Mr.  Joseph  Ignazio 
Chief  of  Planning  Division 
U.  S.  Amy  Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  MA  02154 

Dear  Mr.  Ignazio: 

We  have  reviewed  the  Draft  Environmental  Impact  Statement 
for  the  Fawtuxet  River  Watershed  Interim  Report.  Our  com¬ 
ments  are  limited  to  the  effects  of  the  proposed  Natick 
Diversion  tunnel  on  the  water  quality  and  estuarine  envi¬ 
ronment  of  Apponaug  Cove  and  Greenwich  Bay. 

Although  the  EIS  does  discuss  and  analyze  the  effects  of 
salinity  changes  on  shellfish  we  feel  that  the  uniform 
mixing  or  dispersion  model  used  does  not  necessarily  yield 
a  projection  of  the  maximum  adverse  effect.  We  fa$T.  that 
actual  conditions  would  more  correctly  be  represented  by 
layered  flow.  Such  flow  would  pose  serious  haz"dn  to 
grazing  larva,  and  thereby  impede  or  completely  eliminate 
replenishment  of  some  species.  A  more  detailed  discussion 
of  our  position  with  regard  to  possible  salinity  damage  is 
presented  in  the  enclosed  memo. 

With  regard  to  the  discharge  of  coliform  bacteria  to 
Apponaug  Cove  the  EIS  states  that  the  Pawtuxet  River  water 
quality  should  be  greatly  improved  by  the  time  the  diversion 
is  used.  Although  it  is  anticipated  that  sewage  treatment 
plants  to  abate  pollution  in  the  Pawtuxet  will  be  constructed 
by  1980,  a  solution  to  the  problems  created  by  urban  run  off 
and  combined  sewer  overflows  will  most  likely  not  be  realized 
by  that  date.  Both  of  these  types  of  discharges  are  sources 
of  coliform  bacteria  and  would  occur  simultaneously  with 
flood  conditions  and  use  of  the  diversion  tunnel. 

In  addition,  it  is  our  opinion  that  the  EIS  does  not 
sufficiently  discuss  the  possible  adverse  effects  of  the 
discharge  of  storm  water  which  has  been  confined  in  the 
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tunnel  for  up  to  a  year.  After  that  amount  of  time  the 
waters  would  probably  be  devoid  of  oxygen,  have  a  moder¬ 
ately  high  BOD  and  contain  anerobic  organisms  which  could 
be  incompatible  with  the  receiving  water  usage.  The  stor¬ 
age  of  storm  water  run  off  contaminated  by  combined  se-  er 
overflows  and  urban  run  off  could  be  a  potential  source  cf: 
disease.  In  our  opinion,  poto: rial  public  health  hazard n 
of  the  inverted  siphon  should  bo  investigated.  It  would 
appear  that  the  only  acceptable  moans  of  mitigating  these 
possible  impacts  would  be  to  keep  the  tunnel  de-wat.ered 
and  provide  for  cleaning  and  debris  removal  after  each 
flood.  However,  de-watering  imposes  other  problem?  since 
it  would  require  some  protection  or  covering  over  the  200 
foot  deep  hole  to  prevent  people  and  animals  from  falling 
into  it.  V7e  request  that  a  more  detailed  analysis  of 
impacts  of  stored  storm  water  be  made . 

Our  comments  on  this  draft  EIS  have  been  classified  as 
’?R-2  in  accordance  with  EPA's  national  rating  system. 
Definitions  of  the  categories  are  enclosed. 

Thank  you  for  the  opportunity  to  comment  on  this  draff 
EIS  and  we  look  forward  to  receiving  the  final.  If  you 
have  any  questions,  please  feel  free  to  contact  John  Lynch 
of  my  office  at  617-223-0400/0401. 

Sincerely  yours, 

(jij  tit*  tZL 

Wallace  E.  Stickney,  P.F.. 

Director,  Environmental 
Policy  Coordination  Office 

Enclosure 
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EXPLANATION  OF  FPA  RATING 


Environmental  Impact  of  the  Action 
LO  —  Lack  of  Objections 

EPA  has  no  objections  to  the  proposed  action  as  described  in  the  draft  environ¬ 
mental  impact  statement;  or  suggests  only  minor  changes  in  the  proposed  action. 

ER  --  Environmental  Reservations 

EPA  has  reservations  concerning  the  environmental  effects  of  certain  aspects  of 
the  proposed  action.  EPA  believes  that  further  study  of  suggested  alternatives 
or  modifications  is  required  and  has  asked  the  originating  federal  agency  to 
reassess  these  aspects. 

EU  --  Environmentally  Unsatisfactory 

EPA  believes  that  the  proposed  action  is  unsatisfactory  because  of  its  poten¬ 
tially  harmful  effect  on  the  environment.  Furthermore,  the  Agency  believes  that 
the  potential  safeguards  which  might  be  utilized  may  not  adequately  protect  the 
environment  from  hazards  arising  from  this  action.  The  Agency  recommends  that 
alternatives  to  the  action  be  analyzed  further  (including  the  possibility  of  no 
action  at  all). 


Ad eo; acy  of  the  Impact  Statement 
Category  1  —  Adequate 

The  draft  environmental  impact  statement  sets  forth  the  environmental  impact  of 
the  proposed  project  or  action  as  well  as  alternatives  reasonably  available  to 
the  project  or  action. 

Category  "  —  Insufficient  Information 

EPA  believes  that  the  draft  environmental  impact  statement  does  not  contain 
sufficient  information  to  assess  fully,  the  environmental  impact  of  the  proposed 
project  or  action,  fbwever,  from  the  information  submitted,  the  Agency  is  able 
to  make  a  preliminary  determination  of  the  impact  on  the  environment.  EPA  has 
requested  that  the  originator  provide  the  information  that  was  not  included  in 
the  drul't  environmental  impact  statement. 

Category  3  --  Inadequate 

EPA  believes  that  the  draft  envin  omental  impact  statement  does  not  .  Jequatoly 
assess  the  environmental  impact  of  the  proposed  project  or  action,  or  that  the 
statement,  inadequately  analyzes  reasonably  available  alternatives.  The  Agency 
has  requested  more  information  and  analysis  concerning  the  potential  environmental 
hazards  and  has  asked  that  substantial  revision  be  made  to  the'impact  statement. 


If  a  draft  environmental  impact  statement  is  assigned  a  Category  3,  no  rating 
will  be  made  of  the  project  or  action;  since  a  basis  does  not  generally  exist  on 
which  to  make  such  a  determination. 
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DATE: 

SUBJECT: 

FROM: 

TO: 


UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 
October  28,  1976 

Pawtuxet  River  Flood  Control  Diversion  Draft  EIS 


Clyde  F.  Shufelt,  Chief 

Rhode  Island  -  Connecticut  Planning  Branch 

Wallace  E.  Stickney,  Di recto’' 

Environmental  and  Economic  Impact  Offie- 


We  have  reviewed  the  draft  environment;!-  impact  statement  and  have 
formulated  the  following  comments: 

The  dispersion  model  for  the  diversion  water's  effect  on  Apponaug 
Cove  is  based  on  an  assumption  which  theoretical 1 v  is  incorrect. 

The  modal  assumes  one  layer  flow  Freni  ’die  mouth  of  the  outfall. 

This  will  not  occur  without  the  aid  of  mixing  apparatus,  which  are 
not  proposed.  The  Pawtuxet  River  water  will  form  a  fresh  water 
wedge  along  the  surface  of  the  cove  and.  a  reverse  saline  wedge  wil] 
bo  for  nod  beneath  it..  Although  the  EIS  inuicstes  that  the  dispersion 
model  represents  a  "worst  case"  condition,  relot iv'  to  bottom 
dwelling  specials,  it  docs  not  represent  a  "worst  car."  { w r  cert. in 
lif  of  earns. 

Appoint  eg  Cove  is  an  esturine  structure  which,  provider  protection  and 
nuturing  for  a  large  varieiy  of  both,  commercially  and  recrcufionally 
valuable  marine  live.  As  these  species  reproduce,  many  of  their 
larvae  forms  become  bouyant.  A  fresh  water  wedge  such  an  the  one 
originating  from  the  diversion,  lasting  from  a  few  hours  to  a  few 
days  could  destroy  a  yearly  spawn  of  grassing  larva.  Thus,  very 
serious  effects  could  result  with  respect  to  species  replenishment . 

Although  the  EIS  correctly  points  out  the  shortcomings  of  the  dispersion 
model  and  the  almost  total  loss  of  a  specie,  should  diversion  and 
larvae  stages  occur  simultaneously,  the  EIS  does  not  treat  this 
aspect  as  comprehensively  as  it  does  the.  assumed  mired  condition. 

The  large  percentage  of  hard  shell  clams  present  in  the  area  are 
usually  junvenile  due  to  the  heavy  harvesting.  The  Rhode  Island 
Health  Department  is  cor- adoring  a  proposal  to  open  the  upper  Ray 
for  depuration  sliel ifirhing  only.  If  this  plan  is  adopted  it  would 
provide  additional  shell fishing  opportunities  in  Karr a gun. sett  bay 
but  could  place  a  heavier  shell  fishing  demand  on  the  East  Greenwj<! 

Bay  aiea  (from  smaller  fisherman),  which  would  tend  to  deplete  the 
area  of  the  more  adult  stages.  The  net  result  is  that,  the  shellfish 
population  of  the  area  would  be  comprised  of  more  juvenile  forms, 
more,  suseptibl  c  to  minor  changes  in  the  e  nvironment  .  They  would 
also  be  more  suseptiblt  to  suspend^sol ids  carried  by  the  diverted 
water.  The  EIS,  in  most  discussions,  stresses  only  the  adult 
life  stages. 
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The  waters  in  proximity  to  the  discharge  location  are  presently 
assigned  a  classification  of  SB  or  SC,  and  Greenwich  Bay  is  assigned 
a  Class  SA  designation.  The  lower  classifications  are  due  primarily 
to  wastes  originating  from  boats  and  individual  outfalls.-  Ongoing 
abatement  programs  will  result  in  improved  water  quality  in  the 
area  and  could  result  in  higher  assigned  classifications. 

Rhode  Island  water  quality  standards  for  Class  SA  and  SB  are 
predicated  on  complete  removal  of  all  waste  sources  (except  cooling 
water)  currently  discharging  to  these  waters.  The  standards  also 
prohibit  any  new  discharges  to  these  waters.  The  EIS  should,  therefore, 
address  the  impact  of  the  diverted  Pawtuxet  River  water  in  maintaining 
the  present  standards  as  well  as  higher  standards  which  will  be 
achievable  in  the  absence  of  'he  diversion. 
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Limited  states  department  of  commerce 

T’ie  Assistant  Secretary  for  Science  and  Technology 

V.'.'isni'Kjton.  H  C.  20930 


November  19,  1976 


Mr.  Joseph  L.  Ignazio 
Chief,  Planning  Division 
Corps  of  Engineers 
Department  of  the  Army 
424  Trapelo  Road 
Waltham,  Massachusetts  02154 

Dear  Mr.  Ignazio: 

The  draft  environmental  impact  statement  (DEIS)  entitled 
"Pawtuxet  River  Watershed  Interim  Report,"  which  accompanied 
your  letter  of  September  29,  1976,  has  been  received  by  the 
Department  of  Commerce  for  review  and  comment. 

The  statement  has  been  reviewed  and  the  following  comments 
are  offered  for  your  consideration. 

General  Comments 


The  subject  DEIS  does  not  accurately  identify  the  probable  im¬ 
pacts  on  aquatic  resources  that  will  result  from  the  proposed  Natick 
diversion.  For  example,  it  is  assumed  throughout  the  DEIS  that 
losses  to  the  biological  community  at  the  discharge  site  will  be 
short-term  and  minimal.  The  minimal  environmental  impact  assump¬ 
tion  is  based,  in  part,  on  the  success  of  a  computer  model  (see 
comments  that  refer  to  Page  4-12,  para.  4.63  of  the  DEIS);  and  in 
addition,  the  assumption  that  industrial  waste  discharges  will  be 
discontinued. 

These  assumptions  are  not  supported  by  reliable  data  or  documented 
in  the  DEIS.  The  potential  effects  of  marine  resources  not 
thoroughly  assessed  include  salinity  changes  as  influenced  by 
associated  variables  (temperature,  oxygen,  rate  of  flow,  etc.) 
caused  by  the  diversion  of  fresh  water  of  Apponaug  Cove;  the 
permanent  destruction  of  1/4  acre  of  saltmarsh  and  bottom  habitat 
in  Apponaug  Cove;  periodic  pollution  of  Apponaug  Cove  and  Greenwich 
Bay  by  the  introduction  of  anaerobic  water  from  within  the  tunnel 
and  its  effect  on  marine  resources;  possible  changes  in  the  value 
of  Apponaug  Cove  as  a  nursery  and  spawning  area  for  winter  flounder; 
and  the  effect  on  marine  resources  of  the  introduction  into  Apponaug 
Cove  and  Greenwich  Bay  of  trace  quantities  of  heavy  metals  or 
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other  treated  industrial  source  pollutants  (see  comments  that 
refer  to  page  2.4,  para.  2.13  of  the  DEIS).  These  and  other 
ecological  considerations  should  be  fully  addressed  in  the 
final  environmental  impact  statement. 

Specific  Comments 

Summary  Sheet,  page  i 

3.(b)  Adverse  Environmental  Effects  --  This  paragraph  summarizes 
the  adverse  environmental  impacts  of  the  project.  However, 
there  is  no  mention  of  the  potential  adverse  effects  of  the 
Pawtuxet  River  water  quality  on  the  marine  life  in  Apponaug  Cove 
and  Greenwich  Bay,  other  than  the  reduction  in  salinity. 

1.00  Project  Description 

1.07  The  Natick  Diversion 

1.15  Page  1-3.  para.  1.14-~rt  states  that  during  a  flood  condition 
the  sluice  gates  will  close,  cutting  off  the  entire  flow  of  the 
river  and  diverting  normal  plus  flood  waters  via  the  tunnel  to 
Apponaug  Cove.  According  to  page  4.9,  para.  4.47,  however,  only 
river  flows  in  excess  of  2000cfs  will  be  diverted  to  Apponaug 
Cove. 

Page  1-3,  para.  1.17  --  It  is  stated  that  if,  necessary,  pumps 
and  portals  could  be  placed  in  the  outlet  structure  to  eliminate 
anaerobic  conditions  within  the  tunnel  during  a  non-flood  period 
and  to  dewater  the  tunnel  for  inspection  and  maintenance.  The 
discharge  of  approximately  69,000,000  gallons  of  stagnant  water 
could  have  deleterious  effects  on  living  aquatic  resources  of 
Apponaug  Cove  and  Greenwich  Bay. 

The  feasibility  of  conducting  studies  to  determine  how  soon  water 
within  the  tunnel  will  become  anaerobic  could  be  discussed  with 
the  thought  that  perhaps  water  should  be  released  prior  to 
reaching  anaerobic  conditions. 

1.22  Project  Economics 

Page  1-4.  para,  1.22  --  Table  1-1,  referred  to  in  this  paragraph, 
is  missing  from  the  DEIS. 
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2.00  Environmental  Setting  Without  the  Project. 

Page  2-3.  para.  2.16  -  Surface  Water  Quality 

It  is  stated  that  surface  water  quality  in  the  Pav-..i>;et 
Basin  ranges  from  Class  A  to  Class  E  as  illustrated,  in  FI  ^  r 
II-l.  However,  Figure  II-l  does  ^-t  indicate  Class  E  r  mdi  ,cns. 
Further,  it  xs  unclear  as  to  the  existing  water  qualify.  Does 
Figure  II-l  represent  water  quality  standards  set  in  1  \!  7 5 .  or  the 
water  quality  condition  in  1975?  This  should  be  clarifi-  d  in  the 
final  statement. 

In  addition,  locations  referred  to  throughout  Section  2.00. 
particularly  with  respect  to  water  quality  data,  should  tx  shown 
in  better  detail  in  Figure  II-l.  This  paragraph  refers  to  sludge- 
deposits  in  several  areas  below  the  West  Warwick  Wastewater 
Treatment  facility.  These  areas  should  be  delineated  in  Figure 
II-l  and,  in  addition  to  sluggish  flows  and  sedimentatio" 
resulting  in  these  deposits,  it  should  be  pointed  out  t.  in¬ 
adequately  treated  wastewater  is  a  significant  cause  o  slue ro 
deposits  in  receiving  waters. 

Pages  2-3  to  2-4,  paras.  2.18  -  2.21 

These  sections  are  unclear  as  to  the  existing  water  qual:''-  (,f:  the 
project  area.  On  page  2-3,  para.  2.18,  it  is  stated  tb.F  the  re¬ 
solved  oxygen  content  is  improving  and  at:  the  same  time  the  c.  o.' 
form  bacteria  count  has  increased  by  approximately  4000%.  Further 
in  para.  2.20,  it  is  stated  that  Pawtuxet  River  water  continues 
to  exceed  state  stream  standards  while  in  para.  2.21,  water 
classification  in  Apponaug  Cove  ranges  from  SC  to  SB  ana  in 
Greenwich  Bay  water  quality  is  SA.  It  is  conceivable  that  with 
a  high  dilution  factor  in  Apponaug  Cove  and  Greenwich  Bay  water 
quality  can  improve.  However,  to  adequately  assess  water  quality 
in  the  project  area,  this  section  should  be  expanded  to  includ- 
an  analysis  of  all  chemical  and  biological  constituents  a.cf-a cting 
water  quality,  and  a  survey  of  the  industries  discharging  into 
the  Pawtuxet  River  to  assess  their  potential  effect  on  water 
quality  in  the  future.  Secondary  treatment  of  industrial  dis¬ 
charges  is  not  sufficient  in  many  cases  to  remove  pollutants 
that  affect  marine  life.  In  para.  2.20,  the  reference  to  Table 
II-3  should  be  II-2. 
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Page  2-4,  para.  2.23  --  The  first  sentence  of  this  paragraph 
states  that  industrial  waste  discharge  is  assumed  to  have  been  dis¬ 
continued.  This  should  not  be  assumed,  but  determined  in  fact 
whether  or  not  industrial  waste  discharge  has  been  discontinued. 

Water  quality  improvements  under  the  1972  legislation  (Public 
Law  92-500)  would  not  be  due  to  a  discontinuance  of  discharge, 
but  by  the  upgrading  of  the  treatment  of  '  hese  discharges.  The 
upgraded  treatment  may  or  may  not  be  sufficient  to  meet  water 
quality  requirements  in  Apponaug  Cove  and  Greenwich  Bay,  even  with 
dilution. 

Page  2-5,  paras.  2.25  and  2.27  --  Sludge  storage  at  the  two 
wastewater  treatment  facilities  mentioned  in  these  paragraphs 
could  present  a  problem  to  water  quality  of  the  Pawtuxet  River 
even  during  non-flood  event  periods.  Surface  runoff  during  and 
after  rainfalls,  and  leachate  from  these  areas,  could  contain 
pollutants  which  would  degrade  the  water  quality  in  the  river. 

Page  2-7,  para.  2.39  --  This  section  should  be  expanded  to  provide 
an  inventory  of  important  marine  resources  within  the  Cove  and  Bay. 

Page  2-8,  para.  2.44  --  This  section  should  include  a  discussion 
on  the  state  of  Rhode  Island's  interest  in  restoration  of  historic 
runs  of  anadromous  fish  to  the  Pawtuxet  River.  It  may  be  possible 
that  with  proper  management,  such  as  fishway  construction, 
pollution  abatement,  and  streamflow  regulation,  anadromous  fish 
could  once  again  become  a  valuable  natural  resource. 

Page  2-12,  para.  2.74  --  In  our  opinion  the  importance  of  the  shell¬ 
fish  industry  warrants  a  more  detailed  discussion;  particularly 
in  regard  to  possible  negative  impacts  upon  that  industry  as  a 
result  of  the  proposed  project. 

4.00  The  Probable  Impacts  of  the  Proposed  Action  on  the 
Environment 

Page  4-1.  para.  401  --  This  section  forecasts  the  impact  of  sedi¬ 
mentation  as  minor  due  to  the  presence  of  dams  upstream.  How¬ 
ever,  maintenance  dredging  is  required  approximately  every  8  to  10 
years  at  Pawtuxet  Cove. 

i 
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Page  4-1,  paragraph  40 i  it  is  Jiat  ine  diversion  r  •. 

f inod  fl would  not  th.-  river  ec-isvrtem.  Kovtver  *-'• 

accumulated  etfect^  <->f  diver*- ;  us  flow  waters  into  Aooonaug  Cove 
should  be  investigated  and  presented  in  the  final  .•-ivircnn,  v  vi 
impact  statement.  Further,  the  Natick  Diverse:  r.  w  1  pro  . 
many  problems,  a  anadrontuus  f  ■■  she  -  it  the  state  de  a-  .  ■ 
restore  the:  •.  resources  within  th.  ;«wtuxet  haters  ecu .  The 
overflow  dais ,  spillway  crest,  and  ha  tick  Pond  Dam  will  prevent 
upstream  migration.  Diverting  water  from  the  low  I  awl  .--ret 
during  migration  could  effect  homing  and  spawning  success,  ar.d 
juvenile  nevr  lopment  of  anadromous  species.  Further,  should 
adults  reach  spawning  sites,  eggs  and  young  fish  moving 
downstream,  during  a  flood  condition,  would  he  pulled  into  the 
intake  structure  with  diverted  flows.  Mechanical  damage  wi 1 1  b 
incurred  while  passing  through  the  tunnel.  Upon  discharge  to 
Apponaug  Cove,  eggs  and  young  fish  v/ouid  be  subjected  to  sharp 
increases  in  temperature,  increased  ‘-a  Unities,  and  rapid  change 
in  pressure. 

Page  4-4,  paragraph  4.18  --  It  is  stated  tha  •_  i  propose  d  ^loo 
control  measures  will  have  little  or  no  impai  r  on  wi :trng  re.cre 
ational  resources  within  the  project  area.  F*,-  ■  ?. .  Paragraph 

4 . 08,  indicates  about  8  acres  would  be  created  b-  straight- -t  ■  ag 
the  Pawtuxet  River  course  with  subsequent  land  fill.  it  is  our 
understanding  that  approximately  3  acres  oonsis  :  of  str  -  .  or 

5  acres  consist  of  Pawtuxet  River  Reservation.  Therefore, 
shortening  the  river  in  this  area  will  eliminate  8  acres  i 
recreation  land  for  industrial  use.  This  we  consider  to  .v  a 
major  environmental  impact,  and  believe  it  should  be  so  defined 
in  the  final  environmental  impact  statement. 

Page  4-10,  paragraph  4.58  This  paragraph  should  be  expanded 

to  cover  all  water  quality  parameters.  On  page  2-4,  paragraph 
2.20,  it  is  noted  that  pollutants  associated  with  urban  runoffs 
will  be  carried  into  the  river  and  diverted  to  the  Cove  and  Eay. 
Recent  Environmental  ."’rotection  Agency  studies  indicate  that 
stormwater  runoff  in  many  cities  consist  of  heavy  metals  and 
contribute  a  greater  pollution  bad  than  does  a  treated  \  ast-.’ 
outfall.  Also,  on  page  2-4,  paragraph  2.23,  it  is  noted  that 
heavy  metals  are  still  present  in  sediment  deposits  of  tV 
river.  During  flood  periods  these  sediments  could  he  -dicer  :ed 
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to  Apponaug  Cove  and  Greenwich  Bay;  thus  the  possibility  exists 
that  heavy  metals  could  be  assimilated  by  shellfish  and  r.iufish 
resources.  Therefore,  biological  accumulation  of  heavy  metals 
contained  in  river  flows  should  be  expt  "  ed  in  Apponaug  Cove 
and  Greenwich  Bay. 

Page  4-11,  paragraph  4.60  --  It  is  stated  that  a  salinity 

reading  of  10  ppt  is  considered  to  be  a  point  at  which  there 
will  be  some  effect  to  marine  life.  Such  a  statement  should  be 
qualified  and  substantiated  in  the  final  environmental  impact 
statement.  Further,  we  question  such  a  statement  because 
detailed  assessment  of  salinity  tolerance  of  aquatic  resources 
should  be  analyzed  in  conjunction  with  other  environmental 
factors  such  as  light  intensity,  temperature,  water  movement, 
dissolved  gases  and  nutrients.  Before  such  a  determination  can 
be  made,  more  detailed  information  on  salinity  variations  and 
associated  variables  is  needed  to  accurately  assess  the  computer 
model . 

Page  4-12,  paragraph  4.63  --  Page  104,  paragraph  1,13  indicates 
that  the  diversion  rate  in  most  years  woui.d  be  in  the  order  of 
300  to  800  cfs.  However,  in  this  section  200  cfs  (an  annual 
event)  was  used  as  the  diversion  rate  for  the  computer.  This 
section  should  present  data  for  300  and  800  cfs  diversion  rates 
to  more  accurately  assess  the  expected  annual  event. 

5.00  Probable  Adverse  Environmental  Impacts  that  Cannot  be 
Avoided 

The  adverse  environmental  impacts  presented  in  this  section  are 
non-specific  and  based  on  incomplete  or  outdated  environmental 
surveys.  For  instance,  on  Page  5-1,  paragraph  5.04  there  is  no 
mention  that  construction  of  the  diversion  will  result  in  per¬ 
manent  destruction  of  1/4  acre  of  saitmarsh  and  bottom  habitat 
in  Apponaug  Cove.  In  addition,  the  Warwick  segment  of  the 
project  with  its  channel  relocation  will  result  in  a  loss  of 
stream  habitat.  Further,  the  diversion  may  greatly  impair  the 
potential  for  anadromous  fisheries  restoration  within  the  Pawtuxet 
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Watershed. 

6.00  Alternatives  to  the  Proposed  Action 


Page  6-18,  paragraph  6.79  --  There  are  many  unanswered 

environmental  concerns  surrounding  alternatives  C-l  anc  0-2 
that  have  not  been  thoroughly  evaluated.  Further  investigation 
should  be  undertaken  to  determine  the  effects  of  the  diversion 
on  fishery  resources  and  water  quality  of  Apponaug  Cove  and 
Greenwich  Bay. 

7 . 00  The  Relationship  Between  Local  Short-Term  Uses  of  Man's 
Environment  and  the  Maintenance  and  Enhancement  of  Long- 
Term  Productivity. 

Page  7-1,  paragraph  7.Q2  --  This  paragraph  concludes  that 

the  only  pollutant  of  significance  introduced  into  Apponaug 
Cove  will  be  coliform.  However,  it.  is  certain  that  heavy  metals, 
insecticides,  pesticides  and  BOD  of  flood  water  could  seriously 
affect  the  long-term  productivity  of  fishery  resources  of  the 
project  area. 

Page  7-1,  paragraph  7.03  --  Apponaug  Cove  is  a  nursery  and 

spawning  area  for  winter  flounder.  During  larval  development, 
modest  changes  in  salinity  may  have  detrimental  effects  on  these 
species,  and  on  certain  invertebrates  as  well. 

8 . 00  Irreversible  and  Irretrievable  Commitments  of  Resources 
that  Would  be  Involved  by  Construction  of  the  Considered 
Action 

This  section  should  identify  resources  which  will  be  irreversibly 
committed  by  construction  and  operation  of  the  project,  these 
are:  the  irreversible  loss  of  1/4  acre  of  saltmarsh  and  bottom 
habitat  in  Apponaug  Cove  and  loss  of  stream  habitat  due  to 
channel  excavation  in  the  Warwick  Industrial  Park  area. 

9.00  Coordination 

According  to  the  Coastal  Zone  Management  Act  of  1972,  all 
Federal  projects  affecting  the  Coastal  Zone  must  be  consistent 
with  that  state's  approval  Coastal  Zone  Management  Program.  We 
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realize  that  Rhode  Island  does  not  have  an  approved  CZM  plan 
but  it  is  advisable  that  a  project  of  this  magnitude  be 
coordinated  with  the  Coastal  Resources  Management  Council  of 
Rhode  Island. 


Thank  you  for  giving  us  an  opportunity  to  provide  these 
comments,  which  we  hope  will  be  of  assistance  to  you.  We 
would  appreciate  receiving  eight  copies  of  the  final  statement. 


Sincerely, 


'o.: 


«idnd? 


y  R^yGaller 
Deputy  Assistant  Secretary 
for  Environmental  Affairs 
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DEPARTMENT  OF  HOUSING  AND  URBAN  DEVELOPMENT  *Ht  >  ->ei  n !  - 

Host  I  li,  MUHKUCh 

area  office  •  £••  7;; 

IS  NF.W  CHAROON  STREET 
BOSTON,  MASSACHUSETTS  0:il4 


RFC.  1  on  1 

REGIONAL  OFFICE 
0OS  T  ON  ,  MASSACHUSETTS 


November  22,  1976 


IN  RC  PL  V  I’SC'E 


U.S.  Army  Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  Massachusetts 

Attn:  Mr.  Joseph  L.  Ignazio 

Chief,  Planning  Division 


Subject:  Pawtuxet  River  Watershed  Study 
Rhode  Island 


Dear  Sir: 


The  Boston  Area  Office  has  reviewed  the  above  Draft  Environmental  Imuact 
Statement  within  its  area  of  expertise. 

We  have  no  comment  to  make  regarding  the  proposal  to  control  flooding 
of  low  land  areas  of  the  Pawtuxet  River  Watershed  Area. 


Thank  you  for  giving  this  agency  an  opportunity  to  review  and  comment 
on  the  above  proposal . 

Sincerely, 


Acting  Area  Director 
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I)KI*  \K  1  MINT  <>l  111  Mill.  11)1  CAIION,  A\l)  W1.I.1AK1. 
mu.it:  m  \i  i  ii  m  r\  ici. 

11*111  \M)  IIIUT,  \IAIISIM  RATION 


U.  S.  Army  Corps  of  Engineers  dail  December  6,  1976 

424  Trapelo  Road 
Waltham,  Mass.  02154 


I  Hum  Chief,  Northeast  Technical  Services  Unit 
She  I  1 f i sh  Branch ,  :  DA 

SUBJECT:  Review  of  Draff  -  Environmental  Impact  Statement 
Pawtuxet  River  Watershed  -  Interim  Reporl 

We  have  reviewed  the  subject  report  and  have  the  following  comments: 

1.  The  Natick  Diversion  Tunnel  is  completely  against  the  philosophy  of 
the  National  Shellfish  Sanitation  Program  regarding  public  health 
protection  and  we  categorically  oppose  it.  The  reason  is  that  the 
tunnel  is  diverting  a  major  flow  of  highly  polluted  (industrial  and 
domestic)  water  to  the  relatively  small  Greenwich  3ay  which  contains 
a  significant  clam  resource.  From  the  information  in  i he  report, 

we  can  calculate  that  il  would  amount  to  a  bacterial  equivalent  of 
the  raw  sewage  of  over  2,000  people.  We  thus  prefer  the  flood 
control  alternative  of  wails  and  dikes. 

2.  The  entire  Greenwich  Bay  would  have  to  be  reclassified  from  class 
SA  waters  to  conditionally  approved.  With  the  anticipate.,  diver¬ 
sions  of  300-800  CFS  and  coliforms  of  13,000/100  nl  or  more,  the 
waters  will  not  meet  the  approved  area  of  70/100  ml  according  to 
the  information  provided.  If  diversions  last  one  or  two  days  and 
the  detention  time  in  the  Greenwich  Bay  is  one  to  two  days  and  three 
days  are  allowed  for  shellfish  to  purify  (bacteriully  only)  1  hem- 
selves,  the  total  closure  time  to  shellfishing  will  most  likely  be 
at  least  7  days  for  each  single  event.  If  the  stare  decides  against 
managing  Greenwich  Bay  as  a  conditionally  approved  area,  then  ac¬ 
cording  to  the  National  Program  the  entire  Bay  would  have  to  he 
permanently  closed  to  direct  marketing. 

3.  We  do  not  believe  that  the  13,000  coliforms  per  100  ml  is  a  real¬ 
istic  vaiue  for  such  3  highly  polluted  and  variable  river.  We  do 
not  believe  that  the  13  bacteriological  samples  collected  are 
statistically  significant  in  such  an  important  and  costly  project. 
Furthermore,  the  13,000  value  represents  a  geometric  average  and 
not  extreme  values  which  generally  occur  with  high  runoff  and  high 
river  flows.  Although  the  hydrographic  part  of  the  report  is  with¬ 
out  question,  the  sanitation  portion  is  lacking  with  regard  to 
evaluation  of  public  health  significance.  Tor  example,  there  is 

no  guarantee  that  wafer  quality  in  the  Pawtuxet  River  will  improve 
by  mid  1980's  as  was  suggested  in  the  report.  Population  growth 
could  easily  offset  any  water  pollution  control  improvements  in 
that  time.  Also,  Figure  I V— 4  shows  about  one  quarter  of  the  Bay 
to  have  2%  of  the  value  of  the  Pawtuxet  River  water  -  in  other  words 
a  col i form  of  2%  X  13,000  -  260/100  ml. 

.1-74 


r 


Page  2  -  IJ.  Si.  Armv  Corps  ct  Engineers 

This  is  predicted  hr  a  flow  of  200  CFS.  V.ny  were  figures  not 
presented  in  the  report  for  fhe  typical  expected  diversions  in 
the  usage  of  '>00-800  CFS?  Furthermore,  the  shellfish  standard 
is  70/l00  ml.  Therefore  we  are  looking  for  what  portion  of  the 
Bay  exceeds  O.S4^  of  the  Powtuxet  River  at  up  1o  800  Ufa.  i 
appears  then  that  the  entire  Bay  will  exceed  lire  shellfish.  ’ 
dard  under  typical  diversions. 

4.  From  the  public  health  point  of  view,  the  industrial  wastes  were 
not  even  considered  in  the  report.  Mollusks  concentrate  organic 
ana  inorganic  wastes  and  do  not  purge  themselves  for  months. 

Thus,  there  is  the  possibility  of  permanent  closure  because  of 
high  concentration  of  heavy  metals,  PCB's,  hydrocarbons ,  etc. 
not  removed  in  typical  sewage  treatment  plants.  In  summary,  then, 
we  recommend  a_  comp  1 ete  reeva 1 uat i on  of  the  publ ic  health  asi.,:;  ts 
of  the  Env i ronmenta I  Impact  Statement  regarding  harvesting  of 
clams  or  other  species  of  mollusks. 


\ /  •  -  .  ,•  ,  C ..  ( — '-t 

■fames  L.  Berber 
dhief,  NE  Technics 


Services  Unit 
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AND  PROVIDENCE  PLANTATIONS 


HISTORICAL  PRESERVATION  COMMISSION 

Old  State  House 

150  Benefit  Street 

Providence,  R.  I.  02903 

(401)277-2678 


December  10,  1976 


Mr.  Joseph  L.  Ignazio 

Chief,  Planning  Division 

New  England  Division,  Corps  of  Engineers 

U.  S.  Department  of  the  Army 

424  Trapelo  Road 

Waltham,  MA  02154 


Dear  Mr.  Ignazio: 


This  office  has  reviewed  the  "Draft  Environmental  Impac t 
Statement,  Pawtuxet  River  Watershed"  and  has  the  follow¬ 
ing  comments: 


1.  Previous  correspondence  from  this  office  (may  10, 

1976,  June  28,  1976)  has  indicated  the  need  for  an 
archeological  survey.  Currently  this  study  is  in 
the  process  of  being  completed  by  Richard  Anuskiewicz 
and  Dr.  Frederick  Warner  with  the  help  of  our  office. 

2.  Because  the  environmental  impact  statement  will  be 
incomplete  without  the  cultural  resources  information, 
this  office  will  reserve  its  opportunity  to  comment 
until  the  appropriate  material  is  received  and  reviewed. 


Si/fTcdi^ly  ,^ours , 


\ 


Frederick  C.  Williamson 

State  Historic  Preservation  Officer 


FCW/ afe 
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SUMMARY  Ob'  KAY  19  77  PUBLIC  MEETINGS 

On  19  May  1977,  a  hearing  was  held  In  Warwick,  Rhode  Island  to  obtain 
public  comment  regarding  revised  flood  control  alternatives  on  the 
lower  Pawtuxet  River  Watershed.  Approximately  50  people  ittended. 

At  this  time,  three  alternatives  were  presented.  They  consisted  •  *  a 
No-action  plan,  designated  as  Plan  F  the  Natick  Di versl en-Warw, e.k 
Local  Protection;  referenced  as  Plan  1-1,  and  a  revised  Warwick  Local 
Protection  project  in  conjunction  with  additional  flood  control 
storage  at  Big  River  Reservoir.  This  was  designated  as  Plan  f*.  The 
primary  element  in  the  No-action  plan  is  participation  in  the 
National  Flood  Insurance  Program  along  with  regulatory  measures  and  a 
sound  land  use  program.  The  revised  Warwick  Local  Protection  project 
had  an  Identical  alignment  as  the  one  presented  with  the  Diversion 
except  that  its  height  would  average  three  to  five  feet  higher.  This 
compromising  Plan  is  not  as  effective  a9  the  Natick  Diversion  with 
the  Warwick  Local  Protection  Works;  protecting  only  489  ownerships, 
leaving  284  unprotected.  The  NED  staff  also  presented  the 
environmental  aspects  of  each  Plan. 

In  the  public  comment  portion  of  the  meeting,  Plan  D,  the  revised 
Warwick  Local  Protection  project,  received  positive  response.  The 
reason  was  that  the  alternative  eliminated  the  Natick  Diversion  which 
was  objected  to  very  strongly  at  the  October  1976  meeting  on  the 
grounds  of  Its  cost  as  well  as  certain  environmental  considerations 
such  as  the  afreet  on  Apponaug  Cove. 

A  statement  was  given  on  behalf  of  J.  Friedemann  from  District  35  of 
the  State  legislature.  He  reiterated  a  strong  opposition  to  the 
diversion  as  the  cost  connected  with  i  t  is  prohibitive. 

Gloria  Kennedy  Fleck,  Senator  from  the  Rhode  Island  State  Legislature 
supported  the  compromise  plan  In  that  it  would  be  a  working  alterna¬ 
tive  to  the  flooding  problem.  She  urged  the  Corps  to  continue 
listening  to  the  comments  of  those  in  the  affected  areas. 

Representative  Maureen  Muigret  found  the  proposal  acceptable  because 
it  eliminated  the  Natick  Diversion  which  she  strongly  opposed  at  the 
previous  meeting.  She  stated  that  the  people  In  her  district  would 
also  find  it  accept  \ble. 

William  Lovely,  representative  from  District  30,  supported  Plan  P  as 
a  means  of  protection.  He  said  that  Big  River  Resevoir  would  benefit 
not  only  the  residents  of  Warwick,  but  the  entire  State. 

The  West  Greenwich  Town  Council  President  gave  support  to  the  imple¬ 
mentation  of  Plan  D  as  long  as  Its  development  does  not  require 
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further  acquisition  of  non-State  owned  land.  If  this  were  the  case 
then  they  definitely  would  oppose  it.  The  NED  staff  responded  that 
at  Its  present  design  state  the  additional  height  of  the  dam  would 
not  require  anymore  land  for  flood  storage  which  la  not  already  owned 
by  the  State. 

A  member  of  the  Water  Resources  Board  of  Cranston  was  very  ouch 
Interested  In  the  development  of  31g  River.  He  foresaw  problems, 
financially,  legislatively,  and  legally,  owever,  pledged  their 
support  for  the  project. 

The  Providence  City  Planner,  representing  Mayor  Vincent  A.  Cianci, 
acknowledged  that  most  of  the  measures  that  can  be  taken  within  the 
South  Branch  Watershed  to  ameliorate  the  Pawtuxet  River  flood  problem 
are  now  properly  included  in  Plan  D  thus  supporting  the  Local  Protec¬ 
tion  Project  and  Big  River  Reservoir.  He  did  state  that  there  was 
room  for  further  consideration  of  other  measures  which  he  felt  could 
effectively  lower  main  stem  flood  damages.  Such  measures  could 
include  removal  of  obstructions  and  restoration  of  the.  river's 
natural  gradient.  He  recommended  that  the  Corps  explore  these 
possibilities  for  cost  effectiveness.  The  NED  staff  responded  that 
these  additional  measures  had  been  looked  into  by  the  Hydrology 
Department.  Channel  improvements,  such  as  those  mentioned,  would  not 
have  a  significant  effect  on  reducing  flood  flows  due  to  the  flat 
gradient  of  the  river  bed.  It  was  also  stated  that  in  was  within  the 
Division  Engineers'  authority  in  making  any  recommendations 
concerning  the  study,  to  address  a  proposal  under  which  the  Corps 
would  construct  the  Big  River  Reservoir.  The  city  might  desire  to  be 
the  sponsor  of  such  a  proposal.  This,  then,  could  result  in  the 
Corps  undertaking  the  project. 

The  city  planning  Director  for  Cranston  was  in  favor  of  the  Big  River 
Reservoir  project  and  abandoning  of  the  diversionary  tunnel.  How¬ 
ever,  realizing  that  the  flood  storage  capacity  of  the  flood  plain  is 
continually  being  reduced  by  development,  opposed  the  construction  of 
dikes.  He  stated  that  tax  money  should  not  be  used  to  protect  the 
investment  of  commercial  and  industrial  establishments  when  they 
knowingly  built  in  the  low  lying  areas  because  the  land  was 
cheaper.  In  addition,  his  experience  has  been  that  industry  and 
commerce  will  tend  to  protect  themselves  anyway  in  case  the  dike  or 
gates  fail  to  operate.  Therefore,  it  should  be  recommended  that 
restrictions  on  the  present  and  future  flood  plain  should  be  imple¬ 
mented.  » 

The  NED  staff  made  one  observation  regarding  these  comments.  It  was 
stated  that  the  Corps  was  not  the  Federal  agency  which  can  implement 
the  Flood  Insurance  Program  or  all  of  the  obligations  that  go  with 
it.  This  is  actually  done  by  HUD.  The  Corps  does  have  under  its 
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authority  what  is  known  as  Section  73  to  rook  at  on-structura- 
solutions.  Also,  these  opti-  rs  were  emphasized  in  the  No-actio 
program  which  meant  No-action  on  the  part  of  the  Corn-  but  did  not 
mean  No-action  on  the  part  of  rh  communif :  ts.  It;  was  pointed  out, 
by  another  individual,  that  the  b >  -  i'-  fr.  preventing  f-.‘ure  flood 
losses  is  clearly  on  the  local  community.  It  they  do  the  job.  ‘•he: 
mistakes  made  in  the  past  will  not  conrinue. 

Other  individuals  il.co  pointed  out  nee  .  for  a  plan  a.  regu.  .?*  or;- 

measures  which  would  restrict  develc-prte.i..  in  the  flood  p’ain. 

The  Mayor  of  the  city  of  Warwick,  Joseph  Walsh,  expressed  his 
pleasure  with  Plan  D  which  was  presented.  His  only  concern  wl  :  the 
plan  was  that  it  required  the  city  :;o  contribute  for  the  c  os'.  -c  land 
acquisition  and  maintenance.  This  would  average  abou>  >1C",0C  per 
year  for  20  years.  The  reason  for  this  being  that  the  Local  Protec¬ 
tion  Project  requires  local  financing  whereas  ft?  Natick  Divert-  •'  or*  is 
a  totally  Federal  project.  He  disagreed  with  this  philosophy  because 
the  cause  of  the  Warwick  flooding  problem;'  were  regions.',  in  nature, 
that  being  the  upstream  development  in  other  communities.  Since,  there 
would  be  about  five  years  until  c.or-  ruction  would  begin,  th  Ity 
would  have  the  opportunity  to  enter  into  any  agreement-  yf  th  the  or  t 
and  request  that  these  financial  arrangements  i.e  ch &■.,  cd.  v  L 
then,  he  will  search  for  the  necessary  funding  re.  z  v " 

regional  nature  of  the  project.  The  city  will  s  o  Tdinste  -  it 
the  Governor  and  the  Pawtuxet  River  Authority  In  tin-4  a 

solution  to  the  financial  burden. 
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CORRESPONDENCE  FROM  1977  PUBLIC  MEETING 


REPRESENTATIVE 
ZYGMUNT  J.  FRIEDEMANN 
MS  Gtort*  Axdca  Avmm 
Warwick,  UkxJc  I  Hand  Hill 

kaom  326  Star*  Haas* 

Praoidoct,  Rkada  Itlaad  02*03 

STATEMENT  ON  PAWTUXET  RIVER  WATERSHED 
MADE  BY  MR.  CHUCK  HAHN  ON  BEHALF  OF 
REP.  Z.  J.  FRIEDEMANN,  DIST.  35  WARWICK 
AT  PUBLIC  HEARING,  MAY  19,1977 

As  I  have  testified  at  the  public  hearing  on  October  14,  1976, 
I  wish  to  reiterate  tonight  on  behalf  of  my  constituents  in  the 
35th  District  again  my  strongest  possible  opposition  to  the  pro¬ 
posed  Natick  Diversion  combined  with  the  Local  Protection  Project 
outlined  under  Plan  C~1  on  the  agenda. 

My  opposition  tonight  is  based  upon  the  same  reasons  sub¬ 
mitted  in  the  October  testimony: 

(1)  An  absence  of  any  meaningful  public  support  for  the 

project  which  calls  for  approximately  $60  million  expenditure  of 

Project 

public  money,  and  a  total  objection  to  the  Diversion/^by  the  peoplu 
of  District  35. 

(2)  The  financial  inability  for  the  City  of  Warwick  to  cope 
with  nearly  $100,000  annually  over  20  years  span  of  time. 

It  has  to  be  noted  again  that  while  the  cost  of  the  Diversion 
project  was  prohibitive  to  the  City  of  Warwick  in.  October  1976, 
it  is  even  more  prohibitive  now  in  the  light  of  fiscal  problems 
the  City  experiences  combined  with  increased  burden  of  property 


tax. 


3-80 


-2- 


In  as  much  as  Plan  D  does  not  affect  adversely  my  constituents 
I  take  no  issue  on  it,  although  the  cost  connected  with  it  (being 
identical  as  under  Plan  C-l)  is  prohibitive. 

In  summary,  the  U.S.  Corps  Engineers  has- to  learn  to  accept 
the  local  decision  made  in  October  1976  that  the  Diversion  reject 
is  absolutely,  positively,  and  categorically  negated,  and  tnat 
therefore  there  is  no  need  to  keep  reviving  it. 


Respectfully  submitted. 


Zyg  rn.'int  J  Friedehiann 
Representative,  District  35 


w. 
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Executive  Chamber,  City  of  Prov'  fence,  Rhode  Island 

Vincent  A.  Cianci,  Jr 

V  \H>K 


_■  19,  19  77 


Ctol.  John  P.  Chandler,  Division  Engineer 
New  England  Division,  Oorps  of  Engineers 
Department  of  the  Army 
424  Trapelo  Hoad 
Waltham,  MA  02154 

Re :  Pawtuxet  River  Watershed  Flood  Management  Study 
Dear  Ctol.  Chandler: 

This  statement  is  in  response  to  the  announcement  of  April  1°,  1977  of 
the  public  meeting  on  alternative  plans  for  flood  management  in  t ;  Pawtuxet 
River  Watershed. 

The  City  of  Providence  bears  heavy  responsibility  for  flowaae  in  this 
river  basin.  Our  metropolitan  water  supply  system  presently  controls  92.8 
square  miles  of  the  river's  total  basin  area  of  229.6  square  miles  above  tire 
Scituate  Reservoir  dam;  and  an  additional  29.7  square  miles  above  the  proposed 
Big  River  cam  are  planned  to  become  [art  of  tire  sane  water  supply  system. 

About  4.6  square  miles  of  the  tributary  Mashapauq  Brook  watershed  are  also 
controlled  by  dams  owned  by  the  City'  of  Providence;  and  tire  Broad  Street  dam 
also  under  City  of  Providence  responsibility  substantially  affects  the  stream- 
bed  characteristics  of  the  lower  main  stem  of  the  Pawtuxet  River .  In  any 
plans  for  reducing  flood  damages  in  the  adjoining  flood  plains,  therefore, 
the  City  of  Providence  should  and  can  be  an  important  cooperator  and  collaborator 
in  both  the  design  and  operation  phases.  Hence,  our  active  interest  is  continu¬ 
ous  throughout  these  proceedings. 

Ever  since  the  public  meeting  of  October  14,  1976,  the  Cite/  of  Providence 
has  in  conference  and  correspondence  with  the  Army  Corps  of  Engineers  urged 
the  dorps  to  restudy  the  opportui . ; f ies  for  reducing  flood  dangers  in  the 
lower  Pawtuxet  flood  plain.  We  were  encouraged  by  the  attentive  courtesy 
shown  in  February  and  May  to  my  representatives  in  two  technical  conferences  at 
the  Corps'  headquarters,  and  by  the  invitation  to  discuss  a  new  comparison  of 
alternatives  at  an  April  conference  at  the  Statewide  Planning  Program  office. 

In  the  notice  issued  for  this  public  meeting,  we  observe  that  construc¬ 
tion  of  Big  River  Reservoir  including  an  additional  height  of  2*}  feet  to  be 
assigned  for  flood  storage  has  been  moved  from  the  category  of  "future  actions" 
to  active  status  within  Plan  D.  Also,  in  publicity  released  April  25th  by  the 


Col.  John  P.  Chandler,  Division  Engineer 
♦  Page  2 

May  19,  1977 


Fhode  Island  Water  Resources  Board,  it  appeared  possible  that  tte  Army 
COrps  would  propose  to  fund  construction  of  the  entire  reservoir  and  dam,  with 
repayment  of  the  water  supply  portion  to  be  made  over  50 -years  from  water 
revenues.  In  view  of  the  economic  benefits  to  Metropolitan  Provrdenoe  and  tie 
State  of  Fhode  Island,  we  would  probably  favor  such  a  proposal  but  must  a-.’  ii' 
its  presentation  before  we  can  study  it  and  fitment  further  concerning  it 

The  City  acknowledges  that  most  of  tie  measures  that  can  be  taken  within 
the  South  Branch  watershed  to  ameliorate  tire  Pawtuxet  River  flood  problem  are 
new  properly  included  in  Plan  D.  Hcwsver,  this  leaves  for  further  considera¬ 
tion  those  other  measures  which  we  feel  could  be  effectively  taken  in  the  river's 
lever  main  stem  to  further  reduce  flooding  damages,  including  removal  of  obstruc¬ 
tions  and  restoration  of  the  river's  natural  gradient  and  velocity.  The  City 
recommends  again  that  the  Corps  should  explore  these  for  cost  effectiveness. 

Sincerely, 

( 

VINCENT  A.  CIANCI,  JR. 

Mayor  of  Providence 


VAC 

cc:  Governor  Garrahy 
Senator  Pell 
Senator  Chafee 
Representative  St.  Germain 
Representative  Beard 

John  A.  Doherty,  Chairman,  water  Supply  Bd. 
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Mayor  James  L  Tatt .  |t 


Executive  C  h.unhri  City  Hall/Cranston  Rhode  Island  02910 


June  30,  1977 


Colonel  John  P.  Chandler 
Army  Corps  of  Engineers 
Department  of  the  Army 
424  Trapelo  Road 
Waltham,  Massachusetts 

Dear  Colonel  Chandler:  RE:  Pawtuxet  River  Flood  Control 

I  am  pleased  that  the  Army  Corps  of  Engineers  no  longer  recommends 
the  earlier  alternative  of  a  diversionary  tunnel.  If  the  choice  must 
be  limited  to  the  remaining  alternatives,  the  combination  of  Warwick 
Local  Protection  with  the  Big  River  Reservoir  is  prefers  d. 

I  concur  with  the  feeling  of  the  citizens  of  Warwick  ,.ut  they 
should  not  be  required  to  pay  one  million  dollars  toward  t.:  ■!  of 

the  local  protection.  The  entire  project  should  be  federally  funded. 

The  "probability"  that  the  federal  government  may  pay  for  the 
additional  cost  of  the  flood  control  element  to  Big  River  Reservoir 
should  be  made  more  definite  and  not  require  it  to  be  abandoned  or  to 
be  financed  by  the  state. 

It  should  be  noted  that  the  "most  optomistic”  schedule  for  actual 
construction  to  begin  is  five  years  and  a  realistic  estimate  for 
completion  of  both  elements  could  easily  be  ten  years  or  more.  In  the 
meantime,  the  residents  in  Warwick  who  are  the  most  endangered  are  the 
least  able  to  take  measures  to  protect  themselves. 

I  realize  that  while  the  Army  Corps  of  Engineers  has  communicated 
with  other  federal  departments,  its  assignment  tended  to  limit  the 
solutions  essentially  to  expensive  and  time  consuming  engineering 
projects. 

The  Corps  of  Engineers  should  be  authorized  to  continue  without 
delay  with  plans  for  the  recommended  Warwick  Local  Protection  and 
Big  River  Reservoir. 
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In  the  meantime,  I  would  suggest  that  a  study  be  made  jointls  by 
the  Army,  the  Federal  Insurance  Administration,  and  the  Environmental 
Protection  Agency.  This  could  very  veil  result  in  a  solution  that 
would  be  of  more  immediate  benefit,  les-  costly,  and  less  damaging  to 
the  environment,  and  stressing  prevention  of  floods  rather  than  cure. 


Sincerely  yours, 


JLT:km 

cc: Senator  John  H.  Chafee 

Representative  Edward  P.  Beard 
Governor  J.  Joseph  Garrahy 
Mayor  Joseph  Walsh 
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May  23,  1977 


Colonel  John  P.  Chandler 
Corp  of  Army  Engineers 
424  Trapelo  Road 
Waltham,  Mass.,  02154 


Attention  of:  NEDPL-L 


Dear  Colonel  Chandler: 


We,  the  residents  of  the  Belmont  Park  auction  of  Warwick,  R.  I.,  do  hereby 
voice  our  approval  of  Plan  D  for  Warwick  Local  Prater*"  -  on.  Big  River  Reservoir  and 
Future  Measures,  and  we  urge  the  Corps  of  Army  Engineer .  to  proceed  with  speedy  impli- 
mentation  of  this  project  in  order  to  protect  the  residents  and  property  of  our 
neighborhood  from  future  flooding  of  the  Pawtuxet  River. 
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J.  Joseph  Garrahy 

Governor 


State  of  Rhode  Island  and  Providence  Plantations 

EXECUTIVE  CHAMBER. PROVIDENCE 


August  15,  1977 


Colonel  John  P.  Chandler 

Division  Engineer 

New  England  Division 

U.S.  Army  Corps  of  Engineers 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Attention:  NEDPL-L 

Dear  Colonel  Chandler: 

Following  the  public  meeting  which  you  held  on  the  Pawtuxet 
River  flooding  problem  in  Warwick,  Rhode  Island,  on  May  19, 
1977,  we  have  carefully  considered  the  alternatives  preserved 
and  their  ramifications  for  Rhode  Island  and  the  people  and 
communities  most  directly  concerned.  I  am  pleased  tr  endorse 
"Plan  D"  involving  Warwick  local  protection,  the  Dig  River 
Reservoir,  and  future  measures  as  ir  was  presented  at  the 
public  meeting  and  as  described  in  the  Corps  of  Engineers' 
reports  on  the  Pawtuxet  River  Watershed. 

Substantial  support  for  "Plan  D"  was  demonstrated  at  the 
public  meeting  by  local  governments,  members  of  the  General 
Assembly,  and  the  public.  I  recognize  that  three  issues  re¬ 
quire  further  exploration: 

1)  Utilization  of  the  proposed  Big  River  Reservoir  for 

both  water  supply  and  flood  storage  purposes,  and  pos¬ 
sible  Corps  of  Engineers  construction  of  or  financial 
participation  in  this  project:  These  arrangements  ap¬ 
pear  to  offer  distinct  advantages  to  Rhode  Island  in 
constructing  an  essential  facility.  While  all  aspects 
of  such  a  cooperative  venture  must  be  worked  out  in  de¬ 
tail  before  a  firm  decision  to  proceed  to  construction 
can  be  made,  I  believe  that  we  should  pursue  the  neces¬ 
sary  studies  and  negotiations  immediately.  The  Rhode 
Island  Water  Resources  Board  will  contact  you  directly 
on  this  matter. 
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2)  CIBA/Geigy  Company  wetland  permit:  This  firm  currently 
holds  a  State  of  Rhode  Island  wetlands  permit.  This 
permit  requires  that  certain  areas  be  left  undeveloped 
in  order  to  accommodate  storage  of  flood  waters.  The 
flood  protection  which  would  be  provided  by  "Plan  D" 
may  make  the  continued  retention  of  all  or  part  of  this 
area  unnecessary.  I  am  directing  the  Rhode  Island  De¬ 
partment  of  Natural  Resources  to  review  this  matter. 

3)  Non-federal  share  of  project  cost:  The  required  non- 
federal  contribution  may  present  a  problem  to  the  City 
of  Warwick,  even  though  it  will  not  be  needed  for  per¬ 
haps  five  years.  One  method  by  which  this  burden  may 
be  lessened  is  through  the  acquisition  of  property 
through  donation  as  a  means  of  meeting  part  of  the  non- 
federal  share.  This,  of  course,  is  unclear  at  this  time 
and  will  require  substantial  investigation  in  the  months 
ahead . 


I  want  to  extend  my  appreciation  to  you  and  your  staff  for 
your  efforts  in  studying  and  presenting  alternatives  tc  the 
plan  that  you  had  initially  selected.  I  believe  that  the 
compromise  solution  which  "Plan  D"  represents  is  a  valid 
trade-off  between  cost,  degree  of  flood  protection,  environ¬ 
mental  impact,  and  other  factors  which  could  not  have  been 
achieved  without  the  cooperation  of  all  concerned. 


Sincerely , 


\  X 

J:  J 


Jose 

RNOR 


'.iM 

ph  Garrahy  / 


/ 
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3  March  1979  Workshop  Meeting 


On  3  March  1979,  a  workshop  meeting  was  held  at  the  Aldrich  Junior  High 
School  in  Warwick,  Rhode  Island.  The  meeting  was  arranged  by  local 
interests.  The  purpose  was  to  formally  announce  our  plans  for  the 
Norwood-Belmont  area  —  the  land  bank  or  acquisition  program  for  32 
homes  north  of  First  Avenue.  Between  75  and  100  local  residents  along 
with  Representative  Beard,  congressional  aids  from  Senators  Chaffee 
and  Pell's  offices,  Mayor  Walsh,  Barbara  Sokoloff,  the  City  Planner, 

Anne  Stubbs  from  the  Governor's  Office,  and  an  official  from  the  State 
Transportation  Office  were  in  attendance. 

The  meeting  was  initiated  with  a  history  of  the  study  and  then  the 
acquisition  program  was  explained.  At  this  time  only  the  32  homes 
north  of  First  Avenue  were  considered  in  the  acquisition  program  due 
to  the  uncertainty  of  the  programs  acceptance  by  local  interests. 

Many  of  the  homeowners  south  of  First  Avenue  objected  to  this  scheme 
as  their  flood  problems  are  as  severe  as  those  homes  north  of  First. 
Virtually  all  of  the  homeowners  included  in  the  original  acquisition 
program  accepted  the  proposal.  We  were  led  to  believe  by  Warwick 
officials  that  the  plan  would  not  be  generally  acceptable  to  locals. 

For  this  reason  the  acquisition  was  limited  to  a  minimal  number  of  homes 
About  8  to  18  homes  south  of  First  Avenue  would  have  been  included  in 
the  acquisition  program  originally  due  to  their  first  floor  elevations 
being  below  the  IGO-year  flood  as  modified  by  Big  River  and  under 
natural  conditions  respectively.  As  a  result  of  this  meeting  and 
subsequent  local  meetings  with  residents  of  Norwood  (Belmont,)  a  i.igh 
degree  of  public  acceptance  is  evident.  The  current  plan  calling  for 
acquisition  of  40  to  50  homes  depending  upon  conditions  was  advocated. 

Also  at  this  meeting  Mayor  Walsh  formally  announced  that  he  was  not 
supportive  of  the  Warwick  Avenue  Local  Protection  due  to  the  required 
cost  sharing  formula. 


CORRESPONDENCE  FROM  1979  MEETING 
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February  4th,  1979 


Congressman  Edward  P.  Feard 
307  Federal  Pulldlng 
Providence,  Rhode  Island 

Dear  Congressmans 

First  of  all,  I  would  like  to  thank  you  for  the  very  r.ic* 
letter  of  sympathy  received  from  you  regarding  the  death 
of  my  Kother-ln-law,  Nora  Pierce,  She  thought  quite  highly 
of  your  Mother,  and  it  was  so  kind  cf  you  to  think  of  us  et 
this  time.  I  thank  you  In  behalf  of  the  entire  Pierce 
family. 

Secondly,  I  am  writing  in  behalf  of  the  residents  of 
EELHONT  PARK,  the  low-lying  area  of  Norwood ,  bordered  by 
the  Pawtuxet  River. 

We  have  fought  for  the-  past  ten  years  for  permanent  flood 
protection  for  our  homes.  We  even  fought  for  flood  protection 
all  along  the  Pawtuxet  River  { tho  Natick  diversion)  for  all 
of  Warwick.  All  that  h.°s  been  accomplished  in  all  this  time, 
were  Temporary  dikes  put  in  by  the  Army  Corps  of  Engineers 
In  1970. 

Well,  last  week,  on  January  26th,  our  temporary  dikes  were 
washed  away  by  the  angry  waters  of  this  river.  Our  homes 
were  contaminated  by  sewerage  and  oil,  our  boilers  and 
belongings  damaged,  and  the  residents  evacuated  for  days. 

The  worse  of  this  whole  frustrating  situation  being  the  loss 
of  three  lives  which  were  f loodurelated. 
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Joe  Walsh  has  helped  us  so  very  much  In  the  past  ten  ytars, 
fighting  with  ub  every  step  of  the  way,  even  to  filling 
sand-bags  with  ue.  Last  Sunday,  he  spent  the  entire  day 
with  us,  and  Gerry  Gibbons,  our  councilman,  was  with  us 
since  Thursday  night.  They  have  helped  us  in  every  way, 
but  there  is  Just  so  much  the  City  of  Warwick  can  do. 

Mow  everyone  knows  that  you  are  a  fighter,  so  I  am  asking 
for  your  help,  he  sure  could  une  a  friend  in  Congress. 

If  you  could  possibly  come  and  meet  with  us,  we  would  certainly 
appreciate  It,  Perhaps  we  could  fill  you  in  with  more 
details  of  this  terrible  situation  and  our  ten  year  battle. 

As  things  stand  now,  without  our  temporary  dikes,  we  are 
back  to  where  we  were  In  1969. 

Thank  you  so  very  much. 


Yours  truly, 


Betty  Pierce 


COWARD  t».  BEARD 

ao  Ol«THICT.  RmOOC  I ILANO 

NAEHINOTON  OFFICE: 

Itl  Cannon  Hwu  Office  •uii.oime 
Washington.  O  C  20313 
(202)  225-2733 

COMMITTEE'S 
EOUCATtOH  A NO  1_A SON 
Vetenans  Aft  aims 
Select  Committee  on  Aging 


Congress!  of  tfje  Hntteb  States 

Jjouse  of  Representatives 

lHasfjtngtcm,  J3.C.  20515 


DffcTUICT  OFFICES 

307  Poet  Office  Annex 
Providence.  Khooc  Ielano  02903 
(401)  523-4361 

323  Wear  Shone  Road 
Warwick.  Rmooe  Island  02339 
(401)  528-4371 


Providence,  R.  I. 
February  12,  1979 


Colonel  John  P.  Chandler 
New  England  Division,  Army  Corps 
of  Engineers 
424  Trapelo  Road 
Waltham,  Massachusetts  02154 

Dear  Colonel  Chandler: 

As  you  know,  there  is  a  meeting  schedule  for  March  3, 

1979  at  9:30  A.M.  with  representatives  of  the  Army  Corps 
of  Engineers  and  the  residents  and  governmental  representatives 
of  the  City  of  Warwick  concerning  the  serious  flocl  problem 
confronting  the  people  of  the  Belmont  area  of  that  City. 

For  approximately  forty  years,  the  situation  in  this 
flood  plain  has  become  progressively  worse.  In  1968,  for 
example,  the  people  of  the  area  were  hit  with  a  flood  which 
had  the  severity  of  a  "15  year"  flood.  The  most  recent  one 
is  estimated  to  be  of  the  "25  year”  variety.  In  this  last 
instance,  two  deaths  have  been  indirectly  linked  to  it. 

For  over  ten  years,  the  people  of  the  Belmont  area  have 
been  promised  protection.  In  1970,  dikes  along  the  Pawtuxet 
River  were  supposed  to  be  the  answer  to  the  problem.  In  1972, 
protection  was  going  to  be  provided  by  the  so-called  Pontiac 
Diversion.  In  1976,  this  was  superseded  by  the  Natick  Diversion 
plan.  All  that  seems  to  be  happening  is  that  we  are  being 
diverted  from  achieving  the  goal  of  providing  the  people  of 
the  area  with  the  protection  they  need. 

The  residents  have  been  more  than  patient  with  the  slowly 
moving  wheels  of  c,'  '-eminent.  They  are  becoming  more  frustrated 
with  each  passing  lay.  Furthermore,  as  a  result  of  the  pro¬ 
gressive  nature  of  the  flooding,  residents  are  not  only  fearful 
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of  loss  of  property,  but  of  their  live-  well.  Most  of 
the  families  still  have  a  desire  to  rerr  a  in  in  the  area. 

Some  of  them  have  been  there  for  over  30  years.  They  would 
tend  to  view,  I  believe,  a  land  acquisition  proposal  as  the 
least  desirable  of  possible  solutions  to  their  problems. 

In  preparation  for  the  .March  3rd  meeting,  I  would 
strongly  suggest  that  all  possibe  local  flood  protection 
plans  be  evaluated.  We  are  not  interested  in  a  "solid 
gold"  solution  that  will  carry  an  astromonical  price  tag  and 
will  involve  digging  up  half  the  City  of  Warwick.  We  are 
just  looking  for  a  local  flood  protection  elan  that  will  do 
the  j  ob . 

At  the  meeting,  if  you  could  identify  the  various  alter¬ 
natives  and  evaluate  their  flood  control  effect! venr-T.  rr. 
well  as  their  cost-effectiveness,  it  would  be  appreoi a.  red. 

If  a  particular  project  is  viewed  as  not  '-eing  cost-effective, 
would  you  see  that  the  yardstick  used  to  measure  this  factor 
is  clearly  explained  so  everyone  can  understand  it? 

If  there  are  no  effective  local  flood  protection  possibi¬ 
lities  for  the  people  of  this  area,  let’s  at  least  loo  honest 
with  them  and  tell  them  so.  At  that  point,  land  acquisition 
may  be  the  only  feasible  solution  to  the  problem.  If  it  is, 
how  long  will  it  take  to  implement  it?  Whatever  the  solution 
is,  let’s  GET  MOVING  before  v;e  all  die  of  old  age. 

Thank  you  for  your  cooperation. 


Edward  P.  Beard 
Member  of  Congress 


DEPARTMENT  OF  THE  ARMY 

|  NEW  ENGLAND  DIVISION.  CORPS  OF  ENGINEERS 

|  424  TRAPELO  ROAD 

WALTHAM,  MASSACHUSETTS  02184 

REPLY  TO 
ATTENTION  Of: 

NEDPL-B  1  March  1979 


Honorable  Edward  P.  Beard 
House  of  Representatives 
Washington,  D.C.  20515 


Dear  Mr.  Beard: 

I  have  your  letter  of  12  February  1970  regarding  the  flooding 
of  the  Belmont  (Norwood)  residen’ ial  area.  This  area  is  one  of 
our  deepest  concerns  because  of  the  sex  ere  impact  on  the  resi¬ 
dents  involved.  Unfortunately,  it  is  also  a  very  difficult 
and  costly  area  to  protect.  The  purpose  of  my  letter  is  to 
review  the  efforts  of  this  office  in  trying  to  develop  a  way 
to  protect  the  people  and  homes  in  Belmont. 

Your  constituent's  letter  refers  to  the  loss  oi  temporary  dikes 
in  the.  recent  January  flood.  Several  members  of  my  staff  were 
with  Mayor  Walsh  and  Bexmont  residents  during  that  flood.  The 
dikes  referred  to  were  constructed  as  emergence-  measures  and 
were  not  meant  to  be  capable  of  protecting  against  all  flooding 
along  that  portion  of  the  Pawtuxet  River.  One  of  the  dikes 
provides  relief  against  minor  floods  for  the  River  Street-Natick 
Mill  Village  area  and  the  other,  the  low-lying  Belmont  (Norwood) 
area.  The  dike  at  Natick  Mill  Village  was  built  with  non-Corps 
of  Engineers  funds  during  the  construction  of  Interstate  295. 

In  1969  approximately  $5,010  was  spent  on  raising  the  existing 
dike  an  additional  three  feet  to  help  prevent  overtopping. 

The  Belmont  dike  was  built  as  part  of  "Operation  Foresight"  in 
1970.  The  funding  source  for  both  expenditures  was  under 
P.L.  84-99,  Flood  Emergency  Assistance.  After  construction  and 
inspection  by  the  government,  such  projects  are  turned  over  to 
local  interests  for  operation  and  maintenance.  These  corrective 
measures  are  not  meant  to  be  permanent  solutions  to  the  flood 
threats,  and  reconstruction  is  not  a  Federally  reimbursable 
expense. 
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A  reconnaissance  report:  for  the  Pawtu.-.-  ’ vi.-r  Watershed  was 
prepar>  •’  in  Dec  ember  1971  identifying  s  I  g  ai  icant  flooding  pro¬ 
blems  in  the  lower  reach  of  the  river  fus  the  month  to  upstream 
of  the  Belmont  area.  Floods  can  be  . ause  1  by  not:,  river  flow  and 
high  t’dal  surges.  At  the  time  of  the  recwnna ;  .-.sanee  report  , 
the  solut.  ions  under  consideration  were  the.  Pont  iac.  Diversion 
Complex,  a  hurricane  barrier  at  the  mouth  of  t ne  Pawt uxet  niver, 
upstream  reservoir  sites  at  Big  River  Reservoir,  possible 
modification  of  the  existing  Scituate  Reservoir  and  various 
local  protection  projects  in  the  lower  readies  of  the  na instem 
Pawtuxet  River.  The  Tontiac  Diversion  scheme  was  an  authorized 
project  in  1941,  tut  when  local  interests  did  not  provide  the 
necessary  cost  sharing,  it  was  deauthor  i  :ed  in  1951. 

New  methods,  as  well  as  reeval uat  ion  of  the  old  proposal ,  re¬ 
investigated  at  the  Pontiac  Diversion  site.  Since  ll  I  <  -tensive 
development  (Midland  and  Warwick  Malls;  has  taken  place  j  mg 
the  edge  of  the  floodplain  near  the  intaR  .  Me.  Pi  i  ■■  ''version. 

Construction  of  the  Pontiac  Diversion  proposal  would  aggravate 
flooding  of  both  che  Midland  and  Warwick  Malls  tr  less  a  ’ 
protection  project  were  built  surrounding  ea-h  site. 

From  the  preparation  of  up-to-dat-  .  oust,  rue  i  i .  i-sts  and  the 
reality  of  new  development  in  t  tie  project  art  i  che  curst  ruction 
cost  of  the  Pontiac  Diversion  exceeded.  S  7  5 ,  D00 ,  oOO  lot  all 
methods  investigated,  far  in  exc  ess  of  the  benefits  to  be  realized 

from  its  implementation. 

Even  with  a  major  diversion  of  river  flows,  several  extren-  low 
lying  areas  from  the  Warwick  Industrial  Park  up  to  and  including 
the  Belmont  section  would  still  be  subjected  to  storm  tides  and 
thus  would  need  some  additional  form  of  protection.  A  hurricane 
barrier  across  the  mouth  of  the  river  proved  to  be  economically 
infeasible,  and  was  discarded  in  favor  of  some  form  of  local 
protection  project.  The  height  of  the  protection  projects  would 
depend  upon  several  fa  tors,  namely  the  height  of  river  flooding 
caused  by  rainfall-runoff,  the  height  of  the  stovm  driven  tides 
and  a  combination  of  both.  The  studies  focused  on  two  basic 
measures  to  reduce  flood  damages  in  the  basin.  One  was  to 
reduce  flood  stages  by  diversion  of  excess  flows  and  the  second 
was  to  supplement  the  first  with  Imal  protection  for  the  more 
extreme  low  lying  areas. 
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When  diversion  at  the  Pontiac  1 o<_  non  was  found  impractical, 
a  new  diversion  site  was  investigated  with  an  intake  near  the 
Natick  Dam  on  the  West  Warwick-Warvick  line.  The  2.5  mile 
tunnel  would  discharge  to  the  Appunaug  Cove-Greenwich  Bay  area. 

This  proposal,  called  the  Natick  Diversion,  required  considerable 
preliminary  design  efforts  to  develop  costs.  Initial  foundation 
and  material  investigations  indicated  that  the  rock  to  be  en¬ 
countered  was  suitable  for  most  forms  of  construction.  The  pro¬ 
ject  was  economically  justified. 

This  office  then  formulated  a  flood  management  plan  with  the 
Natick  Diversion  as  the  key  element.  Because  such  a  large  volume 
of  water  could  be  discharged  out  of  'he  basin,  the  necessary 
heights  for  the  protection  measures  at  the  Warwick  Industrial 
Park  and  the  Belmont  (Norwood)  area  would  be  3’  to  6'  less  than 
without  the  diversion  in  che  plan.  Preliminary  cost  r.  in  1975 
for  the  Belmont  project,  based  upon  a  minimal  earth  dike  cross 
section,  was  $1,100,000  exclusive  cf  lands,  damages  arid  the 
internal  drainage  system  and  pumping  station.  The  cost  of  the 
Natick  Diversion  was  estimated  in  a  range  from  $29  to  $42  million 
depending  upon  the  method  of  construct  ion  and  the  quality  of 
rock  along  the  tunnel's  path.  Lands  and  damages  were  not  Included. 

These  two  elements,  Natick  Diversion  and  Belmont  Local  Protection 
Dike,  along  with  the  plan  for  the  Warwick  Industrial  Park,  were 
presented  co  the  public  at  meetings  held  on  6  and  8  May  1975. 

When  combined  in  a  system  the  project  had  a  benefit  to  cost  ratio 
over  1.2  to  1.0.  At  Chese  public  meetings  there  were  strong 
indications  of  support  from  the  public  and  two  resolutions 
passed  by  the  Rhode  Island  Congressional  interests  were  received 
in  favor  of  continued  studies  of  the  recommended  plan.  The 
public  requested  further  nonst rue tural  studies  and  detailed  in¬ 
formation  on  the  environmental  impacts  of  the  proposed  diversion. 
This  plan  would  have  provided  an  extremely  high  degree  of  pro¬ 
tection  to  virtually  the  entire  inainstem  of  the  Pawtuxet  River. 
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At  the  conclusion  of  the  environmental  ;mpact  studies  wo 
again  met  with  the  public  on  14  Octolu.i  1976  recommending 
the  same  plan  as  previously  reported.  Assuming  the  worst 
possible  construction  conditions,  including  lands  and 
damages  and  updating  unit  prices,  the  cost  of  the  diversion 
rose  to  $49,000,000,  an  increase  of  16.7  percent.  The  o:  t. 
for  the  combined  Warwick  Tndust rial-Belmont  Area  project 
rose  to  $10,100,000,  including  interior  drainage  facilities, 
the  costs  of  lands  and  damages,  and  the  now  required  section  of 
dike  behind  the  American  lumber  yard.  The  approximate  cost  of 
the  Belmont  section  alone  would  be  $4,000,000.  When  the  com¬ 
bined  project  for  the  two  local  protection  areas  is  evaluated 
as  a  system  the  benefit  to  cost  ratio  was  slightly  above  unity. 
The  benefit  to  cost  ratio  of  the  Belmont  area  alone  was  less 
than  .25  to  1.0;  however,  we  felt  we  could  include  the  Belmont 
project  within  the  combined  system,  reasoning  that  we  would  be 
able  to  use  considerable  material  from  the  diversion  excavation 
as  filler  material  in  the  dike  section.  The  Belmont  .like  would 
in  essence  become  a  spoil  site  for  the  tunnel  excavat. jon,  pro¬ 
viding  an  overall  enhancement  to  the  social  well  being  of  the 
area . 

As  you  are  aware,  the  results  of  that  14  October  1976  meeting 
came  to  us  very  unexpectedly.  Mo  interest  spoke  in  favor  of 
Che  diversion  and  only  one  individual  spoke  for  the  Belmont 
(Norwood)  project.  In  addition,  the  city  of  Warwick  informed 
us  that  they  could  not  cost  share  any  of  the  local  roip  ireinents 
(equal  to  $800,000).  An  acceptable  flood  protection  plan  for 
the  Pawtuxet  Kiver  Basin  did  not  seem  possible.  We  were  then 
asked  to  take  one  more  look  to  see  if  any  flood  management 
plan  could  be  found  which  did  not  include  the  diversion. 

Through  a  series  of  workshops  with  state  and  local  groups,  new 
Interest  became  apparent  when  the  Governor  of  Rhode  Island 
urged  us  to  look  at  the  proposed  Big  Kiver  Water  Supply  Reser¬ 
voir  for  multi-use  aspects  including  storage  of  flood  waters. 

We  have  calculated  the  flood  stage  reductions  due  to  flood 
storage  In  Big  Kiver  Reservoir  to  he  relatively  minor  with 
water  level  reductions  of  less  than  two  feet  at  Belmont  and 
only  one  foot  at  Warwick  Avenue  (Industrial  Park).  At  a 
May  1977  public  meeting  we  agreed  tr  examine  the  feasibility 
of  a  basin  plan  consisting  of  flood  storage  at  Big  River  Reser¬ 
voir  and  local  protettion  at  Belmont  and  Warwick  Industrial  Park. 
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Due  to  the  now  unavailability  of  the  free  spoil  material  to 
fill  up  the  dike  and  the  fact  that  :h«  dikes  must  be  higher 
without  the  diversion,  the  costs  now  have  risen  to  about 
$7,000,000.  The  local  contribution  would  be  about  $1,400,000 
if  approved.  The  benefit  to  cost  ratio  for  providing  protection 
to  the  Belmont  area  alone  is  less  than  .25  to  1.0.  Economically 
we  cannot  recommend  this  type  of  expenditure  to  protect  about 
70  homes  and  several  small  commercial  establishments.  It  is 
far  more  advantageous  to  consider  purchasing  the  most  flood 
prone  properties. 

At  present  we  are  considering  the  purchase  of  32  homes,  all 
located  north  of  First  Avenue.  Detailed  real  estate  estimates 
have  not  been  made  but  based  upon  our  estimates  when  the  dike 
was  originally  considered,  the  purchase  of  these  homes  along 
with  acquisition  of  all  titles  in  this  area  would  be  between 
1.25  and  1.5  million  dollars.  Detailed  estimates  will  not  be 
undertaken  until  we  get  approval  from  the  Chief  c  Engineers. 

This  could  be  done  during  design  stages  The  apt  we  are 

following  for  the  acquisition  is  rather  unicue  and  w' til  limited 
precedent.  We  are  presently  determining  the  benefits  for  the 
proposal  using  methods  which  are  new  and  non-t rad  it ional . 

We  plan  to  recommend  this  proposal  as  part  (•;  an  environmentally 
enhancing  plan  where  the  B/C  ratio  may  in  some  instances  be  less 
than  unity.  Cost  sharing  on  the  part  of  non-Federai  interests 
will  still  be  required  and  the  proposal  will  require  the  supoort 
of  the  residents  of  Belmont.  I  believe  this  plan,  if  supported 
and  approved  by  Congress,  is  the  maximum  that  we,  the  Corps  of 
Engineers,  can  offer  to  assist  the  residents  of  Belmont  with 
their  chronic  flood  problems. 

Since  the  start  of  this  study  we  have  put  considerable  effort 
into  resolving  Belmont's  flood  problems.  We’  have  met  with 
residents  and  officials  on  numerous  occasions  and  have  presented 
several  viable  alternatives  that  would  have  solved  the  flooding 
problems.  The  problem  is  difficult  as  protection  for  the  Belmont 
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area  by  Itself  la  not  economically  juallfx.-u.  Hopefully  the 
acquisition  which  we  are  considering  will  be  acceptable  to  the 
residents  and  will  find  support  when  the  final  report  la 
submitted  this  coming  September. 

Sincerely  yours. 


JOHN  P.  CHANDLER 
Colonel,  Corps  of  Engineers 
Division  Engineer 
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Belmont  Park  is  warm 
to  flood-plain  proposal 


Army  engineers  con¬ 
sidering  buying  entire 
neighborhood,  but  that 
may  take  5  years 

By  DOUG  CUMMEVG 

jMnuMWfaOH  Son  Writer 

WARWICK  —  Belmont  Park  residents, 
ingry  about  the  years  of  flood-control  pa¬ 
perwork  that  did  them  no  good  in  last 
month's  flood,  reacted  favorably  to  news 
that  the  Army- Corps  of-Engineers  is  con¬ 
sidering  buying  up  the  entire  neighbor¬ 
hood  for  a  flood  plain. 

But  hearing  that  such  a  plan  would 
•,  take  at  least  another  four  or  five  years 
seemed  yet  another  blow  to  the  23  home- 
owners  who  met  with  rirv  offiei  .is  Satur¬ 
day  to  discuss  their  tuxjcing  prciuiem 

“I  don't  think  anyone  who  lives  in  Bel¬ 
mont  Park  would  willingly  sell  their 
homes,  but  what  is  the  alternative?  This 
is  the  question  I've  been  asking  for  10 
years,"  said  Barbara  Della  Porta  of  34 
Sumner  Ave. 


APPROXIMATELY  45  families  be¬ 
tween  First  Avenue  and  the  Pawtuxet 
River,  left  their  homes  17  days  ago  when 
electric  power  was  shut  off  and  pumps 
could  no  longer  keep  the  overflowing  riv¬ 
er  from  filling  basements. 

City  Planner  Barbara  Sokoloff,  who  re¬ 
counted  the  10-year  history  of  the  Army 
Corps'  involvement  in  the  problem,  told 
the  residents  that  the  recent  flood  was  es¬ 
timated  to  he  a  25-year  high  point,  using 
geological  averages. 

The  meeting  at  the  Police  Station  com¬ 
munity  room  was  held  so  that  residents 
could  express  their  feelings  about  the  pro¬ 
posed  acquisition  before  the  Army  engi¬ 
neers  meet  with  the  residents  March  3  to 
discus-:  that  and  other  proposals,  Sokoloff 
said. 


Warwick 


Represeming  the  state's  congressional 
delegation  at  the  meeting  were  Jack  Riley 
for  Rep  Edward  P.  Beard,  Dennis  Reilly 
for  Sen  Claiborne  Pell  and  Dave  Gris¬ 
wold  for  Sen.  John  H.  Chafee. 

Riley  suggested  that  federal  acquisition 
would  take  four  or  five  years  to  allow  for 
planning,  appraisals  and  budgeting. 

Mayor  Joseph  Walsh  explained  to  the 
congressional  aides  that  they  were  invited 
because  the  residents  do  not  fee!  that  the 
Coros  is  doing  all  it  caa  to  help  Belmont 
Park,  which  is  in  the  Norwood  section.  A 
560-million  plan  to  divert  tioodwater  un¬ 
derground  into  Apponaug  Cove  was  re¬ 
jected  by  city  and  state  officials  in  1976 
as  too  costly  But  Waist  argued  that  the 

Corps  should  not  have  extended  the  scope 
Part  y°nd  Pr°b,em  ic  fctaont 

•  •  • 

Iocal  *n<tor»m«it,  the 
Corps  said  it  would  draw  up  a  compro- 

lnvolv1ng  instruction  of  dikes 

nJ^°i,PTne  ueas  and  °*  raising  of  a 
proposed  dam  at  Big  River 

A  few  months  ago,  the  Corps  told  city 
officials  that  the  diking  would  not  be 

th?  J  ‘ccordln8  «  formula 
the  federal  government  uses  to  balance 
cost  against  benefits,  Sokoloff  said  Thev 
suggested  acquisition  instead. 

Walsh  told  the  congressional  aides  that 
a?  "end  0(  the >™"  solu- 

~°n  J*13*  ,the  rartents  were  prepared  to 
?"%  °Ut  0f  frustrl:joo.  He  suggest, 
tha.  the  state's  congressmen  should 


put  pressure  on  the  Corps  to  won  a<  of*" 

options. 

But  one  resident  complained  that  too 
much  federal  money  has  already  been 
thrown  away  on  useless  studies.  Another, 
Jeannette  Dei  Padre,  said  that  if  the 
Corps,  at  the  March  3  meeting,  simply 
says  they're  going  to  study  the  problem 
some  more,  “Then  they're  going  to  have  a 
lot  of  violent  people  on  their  hands.” 

Barbara  Butler  of  51  Ring  Ave.  blasted 
*  the  idea  that  diking  the  area  would  not  be 
“cost  effective."  She  asked  rhetorically  if 
preventing  future  floods  would  not  be 
worth  saving  iives 

Residents  comp 'lined  about  the  smell 
left  by  oil  and  -'ter  from  the  sewage 
treatment  plat"  upi.Team  Several  said 
their  foundation  had  been  severely  dam- 
I  aged.  Others  said  C ha’  they  were  still  pay. 

1  ing  off  loans  for  repairs  from  previous 
floods,  and  have  lost  the  willpower  to 
make  further  repairs  The  homes  are  im¬ 
possible  to  sell  now.  one  woman  said. 
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Beard  backs  $7-miIlion 
dike  to  protect  property 
valued  at  $1.5  million 


WARWICK  —  Rep  Edward  P.  Beard, 
picking  up  the  spirt  of  a  meeting  yester¬ 
day  between  'Army  Corps  of  Engineers 
officials  and  angry  residents  of  flood- 
prone  Belmont  Park,  proposed  federal 
legislation  to  protect  the  neighborhood 
with  a  17-miUion  dike. 

Beard,  after  Lstenmg  for  about  two 
hours  to  a  problem  that  the  Corps  has 
been  studying  for  !0  years,  said  that  he 
would  immediately  draft  a  hit!  for  a  dike 
along  the  Pawtuxet  River  in  Belmont 
Park.  In  addition,  he  said  he  would  seek 
letters  from  residents,  photographs  of 
past  flooding  and.  ,f  necessary,  a  busload 
of  the  flood  mcoiiu  for  the  benefit  of 
Mouse  committee  hearings  in  Washing¬ 
ton. 

The  Corps'  proposal,  presented  by  engi¬ 
neer  Larry  Bergen  at  the  public  meeting 
at  Aldrich  Junior  High  School,  was  differ¬ 
ent  from  Beard's.  Bergen  said  that  the 
Corps,  with  local  approval,  would  buy 
out  33  families  north  of  First  Avenue  and 
raise  that  road  by  about  two  feet  to  pro¬ 
tect  residents  on  the  other  side  ot  First 
Avenue.  .  » 

The  cost  ot  creating  this  nine-block 
flood  plain  would  be  about  SIS  million, 
he  said. 

•  «  • 

SOME  SO  RESIDENTS  hooted  their  dis¬ 
approval  as  soon  as  they  heard  this  plan. 
Those  living  south  of  First  Avenue,  which 
was  about  half  o'  those  present,  said  their 
problems  would  not  be  solved  by  the 
plan.  Those  living  north  of  First  Avenue 
oomplained  that  the  moving  date  of  !!)W 
or  1985  was  too  far  off 

"We'll  be  dead  and  huned  by  then," 
one  elderly  lady  cal'ed  out  “Forget  it," 
said  another. 

Bergen  explained  that  the  Corpi  it 
limited  by  guidelines  that  say  costs  must 
be  justified  by  benefits  A  plan  to  build 
dikes  along  the  nver  in  Re'mont  Park  — 
the  idea  Beard  said  he  !•  ■  rsue  —  Was 
studied  by  the  Corps  beg.nrung  in  1977. 
but  the  $?  rr.  Mion  cost  was  -.jo  much,  un¬ 
der  the  guidelines-  for  protecting  Si  5- 
million  worth  o'  real  m  iie-fn  said 

Similar’y.  Bergen  said  he  Cubit  tjTk 
he  could  get  approval  on  a  proposal  in  ac¬ 
quire  any  more  than  JJ  homes 

"There  s  a  l.init  lb  what  we  uu  justi¬ 
fy."  he'  said 

Mayor  Joseph  Walsh  -TUiared  me 


Cones'  purely  economic  anaiysn  for  ig-i 
nr-  the  human  -'ement  invo  ved.  "the* 
ha-  _  ana  tragedy"  of  flooding  that 
has  c.  .hese  middle  class  residents  thou¬ 
sands  m  i  -me  repairs.  The  Corps’  study 
began  in  i  969  because  of  the  Belmont 
Park  problem,  but  expanded  into  a  much 
wider  $59- million  prcpo-nl,  which  was 
rejected  locally  Iveruse  o'  the  cost  Two 
years  ago,  when  the  dike  would  have 
only  cost  $3  million,  that  plan  was 
scrapped  by  the  Corps  as  not  being  cost 
effective. 

.  *  • 

WALSH  ALSO  criticized  the  Corps  foe 
planning  a  S'  million  dike  around  the 
Warwick  b  hc.trui  ’’ark  but  not  around 
a  residential  area.  "If  you're  looking  for 
20  percent  from  its  on  that  $10  million  for 
the  industrial  park  I'll  save  you  the  mon¬ 
ey  for  ail  those  studies,  because  we  re  not 
going  to  do  ;t,"  he  said 

Meanwhile,  Walsh  said  that  cf.Y  ’hi 
state  officials  would  soon  m-  .  to  w  ■  •, 
out  a  temporary  so'utior.  1:.-  v  ur¬ 
ging.  in  case  ot  spring  flooc.s. 

Richard  F  Quinn,  ano"e-  '■  tgineer  for 
the  Corps,  said  lha:  the  raising  ot  First 
Avenue  bv  two  feet  espied  with  'ie  ex 
'.ra  two  'ert  of  watei  whch  world  be 
stored  hv  t'e  pajv'r'  'i’g  River  Reser¬ 
voir  project  would  g  -  rev  deny  sou>h  of 
First  A.enre  four  mo  »  fro-  p  rruon 
than  they  had  durng  the  January  Hood 

But  Larry  Co'vin  of  7s  Sumner  St  sud 
that  the  raising  of  First  Avenue  wouldn't 
do  anything  but  keep  rhe  water  in  his 
yard,  since  the  ware-  getx  there  in  the 
first’  place  by  underground  seepage. 

Others  pointed  out  that  the  Big  Rjver 
Reservoir  project,  which  Qut-n  said 
might  be  ready  sometime  between  '.o&R 
and  1990,  may  never  he  completed  be¬ 
cause  voters  have  continually  rejected  the 
idea  in  bond  referenda. 

•  •  • 

REPRESENTATIVES  from  the  offices 
of  GoveTior  Garrahv  Sen  Ciaihornr  Pell, 
Sen  J--hn  Chafee  ard  Frp  Fernand  Sf 
German  were  a'vo  a1  "ie  n. erring 

Th»-  (toed  evj-e-.ed  (ee'mgs  ’oud- 
1>.  -s  when  everyone  ,  hre-ed  a'  the  men¬ 
tion  o'  Warwick  sponsoring  Ims  ndrs 
down  'o  Washington  ami  heirg  taken  out 
to  lumh  en  masse  with  Krresentative 
Beard 

"I  vs-  goi  a  ybition.  said  Fveima  Vitale 
of  25  Sumner  St  to  the  f  orps  engineers. 
"You  se-id  v'in»  body  io  !,ve  n  o-jr  ne-gh 
ber^.  •c  ,:c — :  he  pro'  •  m  is  so'ved" 
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April  11,  1979 


Colonel  John  P.  Chandler 
Army  Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  Mass.,  02154 

Dear  Colonel  Chandler: 

Enclosed  is  the  petition  requested  by  Mr. Quinn  at  the  meeting 
held  at  Aldrich  Junior  High  School  in  March  regarding  the  Corps'  latest 
proposal  for  acquisition  of  the  homes  in  Belmont  Park.  1  would  like  to 
know  whether  the  Corps  has  made  a  decision  on  the  question  of  including 
any  of  the  homes  on  the  south  side  of  First  Avenue  in  their  acquisition 
plans,  and  also  if  they  are  going  to  continue  the  survey  of  the  damages 
incurred  by  all  the  residents  of  the  area. 

Thank  you  for  your  continued  support  on  our  behalf. 


Sincerely  yours, 

Mrs.  Barbara  L.  Della  Porta 
34  Sumner  Avenue 
Warwick,  R.  I. ,  02888 


Enclosure 
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March  12,  1979 


Colonel  John  P.  Chandler 
Corps  of  Army  Engineers 
424  Trapelo  Road 
Waltham,  Mass.,  02154 

Dear  Colonel  Chandler: 

We,  the  residents  of  the  Belmont  Park  section  of  Warwtr1  Rhode  Island,  do  hereby  give  out 
approval  of  the  Corps'  plan  for  acquisition  of  our  homes  if  building  a  dike  to  protect  our 
neighborhood  is  not  feasible  any  longer.  We  urge  the  Corps  to  speed  up  the  time  involved 
in  this  plan  because  we  are  still  unprotected  from  the  ravages  of  the  Pawtuxet  River. 


.  7.  ^  CA  . 

^*2-  jJt  /  _ A.  C  A ' .  £*-<■ 


>7]  qM,(A^  fr/;^vV  l\W' 

/C/t/u/7  7c  l^  y 


'  A  >lU  _  Ci\  t  ;'V  y-jJx. _ 4  ..J. 


jQ ■i 7 A u*  77-  %<  l£4'-c~  ,  /t/7L<r<.'-L<zA'  . 


•JliIIU*-'  .--LiJilLLUcJZ-r- 4-i  J—L.£.  j 


x  - . 


'  I  /  /y ^  fc/.c; Gm  7 T o  V  *  ■(  / 


' u^-7  _ 7'7-7h< 


<*~7'  4  /  '  ’ 


''  *  .V4 4 

uL.li.  <4  <  ir 


i  r  .  -*■  w  JC6 


/{_.  .  r  c"  .  ,c, 


J.ath.  It  uv  y/wLc-t-./ _ 4ij4  .  7^  tJJfjl'W  -.c-J.lt  A  ui  •  /c 

'Altt-U  :i  Yl  /  4-C./ A<o //./  .Li,  /  ,;r  /  1  '  ^  j 


iU.*-2 


_ 


)<T  C.  ^  _ 

<  <  -v  .  C’ 


S  CtcA-\  «.-'AJU 


>v  L  •  -  •■/..  /  •  .. 

>;  .  /~{j—  s7r  y<  ’SAJ'C  a 

/  t  _> ._  ‘•■.-4  s-  ‘  ( .. . 

J?  y_  A  vij/.fjL  -  (A1 4  <-  2i  i.a'cS  .  / . '  ^ 


^  'L  j 


^L-l 4jj u  H/r  U- tUM  //  .  U.i  ^  //^  (/” ' 


3-104 


1 


EDWARD  P.  WARD 
to  DNTwer.  Rnooc  Iiumd 


COMMinV  ON  EDUCATION  AND 
LABOR 

SUBCOMMITTEE  ON  SELECT  EDUCATION 

SUBCOMMITTEE  ON  LABOR  STANDARDS 


Congress  of  tfje  ® nfteb  States 

Jfyou&t  of  BfprrtfnfatibfO 

Mbutyington,  JD.C.  20515 


WAaMNsroN  omci: 

191  Camw  House  Ofotce  Buildmq 
WAONIMOTWA  D.c.  20310 
(ME)  IIM7I8 

Dimucr  Omei: 

907  Root  Ones  Amo 
PumnpDCf.  Rhooc  iium  oaooi 
(401)  EM-4941 


Provicence ,  R.  I. 
January  29,  1980 


Colonel  Max  B.  Scheider,  Division  Engineer 
U.  S.  Army  Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  Massachusetts  02154 

Dear  Colonel  Scheider: 

It  is  my  understanding  that  the  Washington  office  of 
the  Corps  has  given  the  New  England  Division  two  options 
relative  to  the  proposed  acquisition  project  in  the  Norwood- 
Belmont  area  of  Warwick. 

1.  To  include  it  in  the  report  on  the  Big  River 
Reservoir  Project. 

2.  To  submit  it  to  the  Small  Projects  Section  of  the 
Washington  office  of  the  Corps. 

Since  the  first  option  will  take  a  great  deal  of  time, 

I  trust  that  the  second  option  will  be  pursued.  Even  if  this 
is  followed  at  the  standard  rate,  it  may  be  two  to  three  years 
before  the  first  house  in  this  area  is  actually  purchased. 

This  time  frame  is  totally  unacceptable.  The  people  in  this 
section  of  Warwick  have  been  suffering  with  flood  conditions 
for  many  years  and  the  Army  Corps  of  Engineers  has  been  study¬ 
ing  the  problem  for  well  over  ten  years. 

It  seems  to  me  that  the  time  for  action  is  at  hand.  Since 
the  Washington  office  of  the  Corps  has  already  approved  the 
basic  concept  of  acquisition,  I  would  respectfully  request 
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Colonel  Max  B.  Scheider,  Division  Engineer 
Page  2 

January  29,  1980 


that  this  project  be  given  the  greatest  possible  priority 
and  that  all  necessary  resources  be  directed  toward  execu 
ting  the  $2.2  million  acquisition  plan  as  quickly  as  pos¬ 
sible  . 

Kindly  send  all  correspondence  in  this  matter  to  my 
Providence  office. 


Sincerely , 


Edward  P.  Beard 
Member  of  Congress 


EPB:na 
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I'lCiC  .slTbSSTON 

Mayor  components  of  '  •  :  •  Ion  would  c  onsist  of  intake  and  outlet 

w  -!-a  Intereomtec ted  t  de-»  ;  underground  tunnel  (an  shown  on  the 
profile  on  Plate  9  of  t  origin'll  hydro  login  analysis).  Similarly,  the 
d  l  i.rsi'-n  intake  works,  Pl  at..-.  10,  would  be  composed  of  two  new  concrete 
structural  elements  consisting  of  an  intake  Inlet  and  a  regulating  dam 
to  he  located  about  100  feet  downstream  of  the  intake  inlet  or  200  feet 
from  the  existing  Natick  Pond  Dam.  The  intake  works  (section  shown  on 
plate  12)  would  consist  of  an  inserted  trumpet  shaped  weir,  commonly 
referred  to  as  a  "morning  glory  spillway"  having  an  effective  crest 
length  of  'dO  feet  and  its  lip  Merest)  at  elevation  38.0  feet,  mean  sea 
level  (msl %  or  approximately  10  feet  above  the  existing  riverbed.  Its 
maximum  diameter  measured  across  the  crest  wo uld  be  about  77  feet, 
tapering  to  the  final  tunnel  diameter  at  the  transition  point.  See 
plates  10,  11  and  12  of  the  initial  hydro! rgic  analysis  reports  for 
pertinent  inf  -rmation. 

The  regulating  dam  would  act  as  a  control  structure.  It  would  consist 
of  an  overflow  weir,  a  ncn-overilow  structure  and  an  emergency  spillway. 
The  weir  section,  ogee  in  shape  and  having  its  crest  at  elevation  48.0 
tent,  mr.l ,  would  measure  115  feet  in  length.  The  non-overflow  section, 
30  f not.  in  length  and.  located  northerly  of  and  3  feet  higher  than  the 
overflow  we.tr,  would  contain  two  8  feet  by  8  feet  sluice  gates  for 
controlling  normal  nav:uxef  River  flows.  A  small  spillway  channel  65 
feat  in  length  and  located  adiacent  to  the  structure  at  approximately 
<-■ !  sn’nt  Lon  >0  feet,  msl ,  would  a:  ‘  as  a  relief  valve  to  pass  excess  river 
flows  during  an  extreme  emergency.  This  condition  would  only  occur 
after  the  diversion- tunnel  and  the  overflow  wei;  have  exceeded  their 
designed  ..apacities. 

Dx.stL.g  N*;  -k  Dam,  located  100  feet  upstream  of  the  intake  and  having 
a  eves...  of  48,0  feet,  msl,  would  remain  intact.  From  field 

•  A.savv  u ->  \  .  appears  structurally  sound,  but  could  he  modified  at  a 
m-  fern  ■  t  in  ha  final  design  stage  if  further  detailed  studies 
a  n red  to  do  so.  An  artist  rendition  of  the  intake  works  is 
shown  c it  ( ne  following  page. 

The  subsurface  (as  shown  on  Plate  9).  connecting  the  intake  and 

outlet  works  in  a  nearly  straight  2.5  miles  (13,200  feet)  southeasterly 
alignment  would  b»  driven  through  bedrock  and  would  have  a  finished 
inside  di  v.ctet  e.jtia!.  ;o  that  ci:  the  considered  alternative.  A  typical 
:  n  of  tunnel  is  shown  on  in  the  original  hydrologit,  analysis.  This 
into.?. lor  finish  would  consist  of  a  12-inch  reinforced  cc notate  lining, 
v  vhorr- bolted  to  the  finished  reek  walls.  The  tunnel  invert  (floor 
to  -Vl’i  at  the  intake  shaft  w:.1j  iie  -75  feet:,  nisi,  an  l  will  slope  at 
0.0103  ?sst  per  foot  to  el  ovation.  -  ?.'0  feet,  msl,  at  tic  outlet  works. 
With  tea  design  disc.!ia?.;.v i  m'~  !  3,000  cis  and  a  Mannings'  ‘ri  value  of 
0.015  as  rough aass  cneffir  \..t,  the  velocity  of  flow  in  the  tunnel  will 
be  18  feet  per  second  ( 1 p s ) . 
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The  outlet  works,  Plate  11,  with  an  artist  rendition  shown,  will  be 
located  on  lands  off  Station  Street  which  runs  nearly  parallel  to,  and 
about  100  feet  west  of  '  e  ConRall  Boston  to  New  York  main  line  railroad 
tracks  In  the  vicinity  of  \pponaug  Cove  in  Warwick.  At  this  point,  the 
Pawtuxet  River  fLood  waters  will  be  dispersed  into  the  Cove.  The  outlet 
structure,  Plate  12,  would  be  a  reverse  "morning  glory"  spillway,  atop 
the  selected  tunnel's  vertical  shaft,  transitioning  to  a  114-foot 
horizontal  width  concrete  apron.  By  placing  a  concrete  wall  around  the 
"morning  glory",  floodwater  flows  leaving  the.  outlet  shaft  would  be 
directed  toward  the  existing  Federal  naviation  channel.  The  length  of 
the  enclosing  wall  would  be  about  260  feet  with  top  elevation  at  12 
feet,  msl. 

The  bottom  of  Apponaug  Cove  would  be  protected  from  excessive  scour  or 
the  erosive  effect  of  flows  over  the  spillway  by  an  armor  stone  apron 
extending  along  the  bottom  100  feet  by  an  ar'or  stone  apron  extending 
along  the  bottom  100  feet  outward  from  the  spillway.  The  outlet  end 
sill  will  be  at  elevation  -4  feet,  msl,  and  equipped  with  a  stoplog 
structure  to  permit  or  facilitate  dewatering  (pumping  out)  the  tunnel 
for  periodic  inspection  and  maintenance.  Under  design  discharge 
conditions,  and  for  all  tides  below  approximately  +10  feet,  msl,  90  foot 
clear  span  openings  between  the  piers  of  the  stoplog  structure  at  the 
end  sill  of  the  outlet  will  be  the  hydraulic  control. 

Outlet  discharges  from  the  diversion  tunnel  will  flow  through  Apponaug 
Cove  for  a  distance  of  approximately  4,500  feet,  thence  to  Narraganset 
Bay  via  Greenwich  Bay.  As  analyzed,  the  hydraulic  head  loss 
representing  the  energy  losses  throughout  the  length  of  the  cove  would 
be  a  minimum  with  diversion  during  low  tide.  Therefore,  the  hydraulic 
effects  of  the  Natick  Diversion  upon  the  cove  would  be  minimal  under  low 
tide  (mean  low  water)  conditions  and  negligible  under  spring  tides  and  a 
10-year  frequency  tide  (one  having  a  10  percent  chance  of  occurring  in 
any  one  gi/nn  year).  Hydraulic  head  loss  and  maximum  velocity  in  the 
navigation  channel  through  the  cove  for  different  tides  and  diversion 
rates  are  listed  in  Table  4-1. 

The  effects  of  three  diversion  rates  in  conjunction  with  three  tidal 
events  are  demonstrated  in  Figure  4-1  preceding  Table  4-1.  The 
following  paragraphs  describe  the  relationship  of  a  mean  low  water 
condition  to  various  diversion  rates  along  the  center  line  of  the 
Apponaug  Cove  navigational  channel. 

The  Increase  in  water  surfaces  at  the  outlet  channel  (Station  1+30) 
would  he  a  maximum  of  3.0  feet  with  a  diversion  rate  of  13,000  cfs. 

This  water  surface  level  would  remain  almost:  constant  for  a  distance  of 
1,480  feet  outward  (Station  18+30),  then  taper  off  to  mean  low  water 
elevation  within  a  distance  of  2,520  feet  (Station  43+50).  With  the 
remaining  two  diversion  rate ,  changes  In  water  surface  levels  would 
occur  within  the  same  limits  hut  increased  levels  at  the  outlet  works 
would  be  1.5  feet  for  8,000  cfs  flow  and  0.4  feet  for  3,000  cfs. 
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note: 

I  ALL  ELEVATIONS  REFERENCED  TO  MEAN  SEA  LEVEL  DATUM 
2.  NUMERAL  ON  {.OF  NAVIGATION  CHANNEL  PLAN  INDICATE 
BACKWATER  CROSS-SECTIONS  NUMBER 
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HYDRAULICS  OF  APFONAUG  COVE 
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Represents  increases  in  water  surface  levels 


The  analysis  indirates  tha.':  for  the  othe  two  conditions  shown,  namely 
the  spring  tide  and  10-year  frequency  tide  events  (See  Figure  4-1); 
various  diversion  rates  hr  -a  Insignificant  effect  on  the  cove. 

With  the  design  flow  of  13,000  cfs,  the  velocity  in  the  vertical  shaft 
will  be  approximately  18  fps.  Water  surface  at  the  top  of  the  shaft 
world  rise  to  near  the  energy  gradient  of  +10  feet,  msl,  and  then  drop 
to  about  critical  depth  elevation  of  +6  feet,  msl,  through  the  piers  on 
the  outlet  sill.  A  critical  depth  of  9  feet  with  velocities  of  19  fps 
would  occur  through  these  piers.  Head  loss  through  the  outlet  structure, 
including  one  velocity  head  loss,  was  estimated  to  be  approximately  7 
feet. 

The  operation  of  the  diversion  would  be  accompli;. lied  as  follows: 

During  normal  river  flows,  the  sluice  gates  in  the  non-overflow  section 
of  the  regulating  dam  would  remain  open  to  per; .  < passage  of  normal 
Pawtuxet  River  flows  past  the  project.  When  a  flood  stage  becomes 
imminent,  the  sluice  gates  would  be  closed  allowing  water  to  build  up 
behind  the  regulation  dam.  When  this  water  level  reaches  an  elevation 
of  38.0  feet,  mean  sea  level,  it  would  spill  into  the  morning  glory 
spillway  and  be  diverted  into  Aoponaug  Cove  via  the  tunnel. 

Should  the  Pawtuxet  River  flood  flow  exceed  the  diversion  capacity  the 
water  level  behind  the  regulating  dam  wold  rise  until  it  flows  over  the 
overflow  section  of  the  regulating  dam  and  continues  downstream  along 
the  Pawtuxet  River.  The  emergency  spillway  of  the  regulating  dam  is 
provided  to  pass  flows  exceeding  the  capacity  of  the  overflow  section 
should  thLs  rare  event  be  exceeded. 

The  diversion  would  operate  on  the  principle  of  an  inverted  siphon  with 
the  outlet  tunnel  and  a  portion  of  the  intake  shaft  inundated  with  salt 
water.  However,  cider  no  circumstances  could  salt  water  intrude  the 
fresh  water  of  Pawtuxet  River.  Provisions  would  be  made  for 
continual  withdraw* l  of  this  salt  water  by  pumping  to  prevent  anaerobic 
conditions  and/or  the  occurrence  of  hydrogen  sulfide  gas. 

Geotechnical  Features  -  Surfi  iai  and  subsurface  i nvestigations  were 
conducted  to  determine  general  foundation  conditions,  such  as  extent  and 
type  of  overburden,  depths  to  and  types  of  bedrock  at  grade  and  levels 
of  subsurfacewater.  Foundation  explorations  consisted  of  four  core 
borings  and  a  seismic  survey  for  the  tunnel,  alignment. 

Explorations  involving  the  diversion  component  were  performed  primarily 
to  define  the  depths  to  and  type  of  bedrock  at  tunnel  grade  and  to 
obtain  core,  samples  for  determination  of  rock  quality  shown  on  Plate 
4-1.  These  investigations  consisted  of  four  core  borings  along  the 
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tunnel  axis  and  a  seismic  survey  for  a  selected  area.  The  seismic 
survey  was  performed  In  the  saddle  along  the  alignment  about  500  feet 
downstream  (southeasterly)  from  the  intake  structure  and  adjacent  to  the 
railroad  tracks,  to  determine  depths  of  bedrock  or  minimum  rock  c over 
above  the  tunnel  crown  at  this  location.  The  maximum  rock  cover  above 
the  tunnel  crown  is  approximately  255  feet,  occurring  near  the  P.hode 
Island  Junior  College,  with  a  minimum  of  about  50  feet  at  the  previously 
mentioned  railroad  tracks.  Exclusive  of  the  first  800  feet  from  the 
intake  where  the  minimum  amount  of  clearance  between  the  tunnel  crown 
and  ground  surface  approximates  70  feet,  there  are  no  other  points  with 
less  than  130  feet  of  vertical  clearance. 

All  structures  inclusive  of  tunnel  would  be  either  constructed  or 
anchored  in  rock.  The  tunnel  is  considered  to  cross  four  major  rock 
formations  with  their  physical  properties  ana  structural  characteristics 
described  in  Table  4-2.  They  are  the  Quinville  Quartizite,  a  micaceous 
quartzite  part  of  either  the  Quineville  o  the  Mussey  Brook  Schist,  the 
Cowsett  Granite,  and  the  Rhode  Island  Formation.  As  the  exact  locations 
of  the  contacts  are  unknown,  assumed  contacts  are  based  on  interpre¬ 
tations  of  data  from  core  borings,  literature  survey  and  existing  maps. 
The  section  of  the  tunnel  at  the  outlet  end  of  the  alignment  passes 
beneath  the  margin  of  a  buried  valley  which  is  assumed  to  deepen  east¬ 
ward  toward  Apponaug  Cove, 

All  boreholes,  except  one,  were  pressure  tested  to  determine  inflow 
characteristics  for  future  construction  purposes.  Core  rock  samples 
from  each  of  the  borings  were  classified  and  laboratory  tested  for 
strength  and  other  properties  to  evaluate  general  tunneling  and  foun¬ 
dation  characteristics.  Tests  included  unc.onfined  compressive  strength 
testing  of  representative  cores,  ROD  determinations  and  sling  friction 
tests  for  a  natural  and  sawed  joint  on  samples  .at  tunnel  grade  drom 
boring  FD-4.  Overburden  samples  were  also  examined  and  visually 
classified  to  determine  soil  characteristics  above  the  tunnel  and  at 
shaft,  locations.  The  test  results  equated  to  the  rock  formations  are 
shown  on  Table  4-2, 

Subsurface  water  occurs  in  the  overburden  and  in  rock.  The  level  of  the 
water  table  generally  varies  at  shallow  depth  in  the  ground  with  the 
ground  topography  tending  to  rise  under  the  hills  and  drop  in  valleys. 
Where  the  water  table  intersects  the  ground  surface,  springs  and  swamps 
may  form.  Except  at  the  outlet,  end  of  the  alignment,  the  greater  part 
of  the  tunnel  will  be  overlain  by  rock  with  a  thin  overburden  cover.  In 
this  situation  the  occurrence  of  the  groundwater  in  the  rock  will  vary 
with  the  permeability  of  weathered  and  fractured  zones.  At  the  outlet 
end,  the  thickness  of  overburden  gradually  exceeds  the  thickness  or  rock 
above  the  tunnel.  The  overburden  is  permeable  and  would  be  saturated  to 
sea  level.  Ground  water  in  the  rock  would  be  in  open  joints  and 
weathered  zones. 


i 


4-5 


As  pressure,  tests  of  the  boreholes  Indicate  t.iat  the  rock  is  tight; 
heavy  seepage,  is  expected  ;.o  occur  only  in  Lor  a  3  zones.  The.  methods  of 
controlling  seepage  during  construction  would  be  moderate  and  would  depend 
upon  the  rate  of  inflow  at  particular  rock  structure. 

Any  deep  rock  well3  along  the  alignment  and  closely  adjacent  to  it  could 
be  affected  by  the  tunnel  drawing  down  the  water  table  during  construc¬ 
tion,  and  alternative  sources  of  water  would,  have  to  be  provided  should  it 
be  determined  in  the  advanced  design  stage  that,  contrary  to  current 
findings,  private  well  systems  exist  in  the  area.  With  the  present, 
design,  after  construction,  salt  or  brackish  water  from  Apponaug  Cove 
would  be  free  to  fill  the  tunnel  through  the  outlet  structure.  A  water 
tight  lining  will  be  required  to  reduce  the  contamination  of  the  ground 
water. 

On  the  basis  of  preliminary  subsurface  explorations  and  testing,  the 
Natick  Diversion  project  appears  practical  based  on  geologic 
considerations.  The  foundation  conditions  for  the  structures,  shafts 
and  tunnel  generally  are  adequate  although  problem  conditions  in  the 
rock  can  be  expected  in  local  zones,  and  will  be  explored  in  further 
detail  during  detailed  design.  Unanticipated  conditions  should  be 
limited  and  would  require  minor  designs  ior  corrective  structural 
measures  during  construction  appropriate  t:c  their  severity. 

A  major  portion  of  the  Quinville  Quartzite  Formation  and  the  Cowesett 
Granite  showed  preliminary  strength  and  durability  characteristics  of  a 
quality  indicating  that:  should  a  machined  tunnel  (mole)  be  utilized  for 
excavation,  the  tunnel  could  probably  be  left  unlined  and  provided  a 
structural  sound,  smooth  interior  shape.  Current  studies  indicate 
machine  tunneling  methods  could  be  used  throughout  the  tunnel  with 
approx cl'’  5  7  percent  of  the.  t  unnel  requiring  a  light  steel  support 
and  a  formed  concrete  lining  to  provide  asmocth  hydraulic  surface. 

However,  tha  considerations  of  the  economics  of  construction  and  design 
including  the  uncertainty  as  to  the  availability  of  a  proper  mole 
diameter  and  the  potential  requirements  for  containing  brackish  or  salt 
water  in  the  tunnel  precluded,  at  this  stage  of  the  study,  the 
practicality  of  such  a  method. 

Real  Estate  Acquisition  -  One  home  to  be  purchased  outright  is  located 
at  the  intake  works.  In  addition,  a  wood  frame  fisherman's  shack 
including  a  .:ood  timber  bulkhead  sea  wall  will  be  purchased  at  the 
outlet  works  location. 

Permanent  subsurface  easements  will  be  required  to  construct  the  tunnel 
under  50  parcels  of  land  of  which  35  are  privately  held  and  35  under 
public,  domain,  currently  controlled  at  various  locations  by  the  city  of 
Warwick  and  the  State  of  T'hode  Island. 


Tunnel  alignment  would  totally  or  partially  beneath  2  commercial,  6 
residential  and  4  pub^.1  aild'ngs.  As  shown  on  Plate  4-1,  the  minimum 
amount  of  vertical  clea  between  the  tunnel  crown  and  ground  surface 

would  approximate  70  fe  ,  occurring  with  800  feet  of  the  intake  works 
with  the  remaining  port  l  being  no  less  than  130  feet,  of  vertical 
clearance*  As  the  tunn  is  ove r  200  feet,  below  ground  level,  the 
amount  of  damages  for  t  deep  subsurface  easements  would  be  nominal. 

The  estimated  easement  lues  are  based  on  the  assumption  that 
construction  methods  of  runnel ling  will  be  of  the  blasting  magnitude 
that  would  not  adversely  affect  surface  or  near  surface  in-ground 
improvements. 

Temporary  easements,  as  provision  for  providing  space  for  the  storage 
of  materials,  equipment  nd  contractor's  work  area  during  construction, 
wou’d  also  be  required.  Required  acreage  has  been  selected  at  owner¬ 
ships  that  are  unimprovc  lands  but  still  ccu.^guous  to  the  proposed 
permanent  easement  areas  Cost  of  temporary  easement  are  predicated 
upon  a  fair  return  of  invested  capital  (fair  market  value)  and  a 
provision  for  estimated  economic  tax  for  the  use  of  the  land  during  the 
construction  period.  Temporary  easements  would  involve  2.56  acres 
located  in  West  Warwick  and  2.8  acres  in  Warwick. 

Tunnel  alignment  would  proceed  beneath  a  fairly  high-density  mixed-use 
area.  Preliminary  investigations  indicate  that  after  the  imposition  of 
the  easements,  the  highest  and  best  use  of  all  the  properties  affected 
by  this  proposed  acquisition  tunnel  program  will  not  be  materially 
affected.  However,  It  is  historically  known  that  the  mere  knowledge  and 
existence  of  the  imposition  infers  a  restrictive  aspect  of  a  perpetual 
cloud  on  the  title  which  run3  with  the  property.  Affected  lands  (1.00 
acres)  at  the  diversion  outlet  are  currently  vacant  under  a  single 
ownership  and  front  along  Apponaug  Cove  in  a  generally  commercial, 
Industrie1  area  wi Ch  some  waterfront  recrational  uses  nearby. 

The  outlet  would  be  located  in  the  most  marshy  low  part  of  the  land  and 
although  it  is  locally  zoned  for  industrial  use  by  the  city,  it  is 
classified  as  lying  in  a  hurricane  danger  which  requires  all 

buildings  to  be  built  14  fee;  above  msl.  Construction  in  coastal  areas 
is  governed  by  rules  and  regulations  of  the  local  government.  Coastal 
development  is  also  regulated  by  the  State  Coastal  Resources  Management 
Council  for  environmental  protection.  Tn  addition  to  land  acquisition, 
a  small  fisherman's  shack  av  previously  stated,  with  an  old  wood  timber 
sea  wall  which  occupies  the  southerly  and  of  the  property  would  be 
acquired  tn  fee. 

At  the  intake  works  of  the  diversion,  the  affected  fee  land  (0.98  acres) 
In  Warwick  is  under  a  single  ownership  and  loca  Hy  ^  for 

Indus* rial  uses.  It  contain;  ;re  foundation  ruins  of  a  razed  mill  with 


abandoned  tailrnee  recently  filled  with  random  earth  fill.  Land  is 
currently  vacant  and  p  rti  illv  overgrown  with  second  growth  trees  with  a 
section  presently  used  r  storing  junk  vehicles  and  related  parts.  On 
the  Warwick  side  of  the  Lver,  or  the  south  bank,  the  land  area  (0.82 
acres)  is  steeply  sloped  and  wooded,  consisting  mostly  of  vacant 
residential  lots  owned  in  part  by  the  city  of  Warwick  and  in  part  by  two 
private  owners.  The  land  is  presently  unimproved  residential  lots  with 
the  exception  of  one  older  existing  dwelling  along  the  ridge  line.  As 
stated  in  a  proceeding  paragraph,  this  is  the  only  dwelling  within  the 
intake  area  that  would  be  purchased. 

A  total  of  43  ownerships,  Inclusive  of  one  Improvement,  at  a  cost  of 
$102,400  Is  in  conjunction  with  the  Natick  Di  ersion. 

Co  provide  for  possible  appreciation  of  pro  erty  values  from  the  time  of 
this  acquisition  date,  for  possible  minor  property  line  adjustments  or 
for  additional,  hiden  ownerships  which  may  be  developed  by  refinement  of 
taking  lines,  for  adverse  condemnation  awards  and  to  allow  for  practical 
and  realistic  negotiations,  a  contingency  allowance  of  20  percent  has 
been  considered  to  be  a  reasonably  adequate. 

/ 

Total  cost  of  lands  and  damages  Involving  lands  in  fee  and  Improvements, 
permanent  and  temporary  construction  easements,  severance  damages, 
relocation  assistance  and  acquisition  costs  including  contingencies  for 
possible  appreciation  of  property  value  are  estimated  at  $380,800. 

These  costs  are  summarized  in  Tab’s  4-3  by  category. 

Right-Of-Ways  The  right-of-ways  for  the  diversion  intake  works  would 
involve  the  lands  substantially  located  between  Water  Street:  In  West 
Warwick  an.;  O' Bonne!  I.  Street  in  Warwick,  with  an  easterly  limit 
beglnnl”. a  V  W:  tick  Oam  In  Warwick  and  a  line  jogging  in  an  easterly 
directi'  i  .  Providence  street  bridge  in  West  Warwick,  from  which  an 
east®.-  j...  ma.iv-  :  distance  would  approximate  400  feet.  Involved 
riyt  r-of-way  l.ir.tls  for  the  outlet  works,  would  be  a  triangular  shaped 
ar:  a  located  easterly  cn  the  ConRail  Boston  to  New  York  main  line 
railroad  tracks  and  Apponaug  Cove.  The  base  >  f  the  triangle  would  be 
perpendicular  to  the  tracks  and  about  180  feet  in  length  with  Its 
height,  measured  along  a  parallel  course  with  the  tracks,  being  about 
300  feet.  Permanent  sursurface  easements  for  tunnel  alignment  on  50 
parcels  of  lands,  of  whi< h  35  are  private  held  and  15  under  public 
domain,  would  complement  the  required  right-of-ways  for  operation  and 
maintenance  of  the  diversion  project. 

At  the  intake  works,  lands  on  the  northerly  bank  in  West  Warwick  are 
zoned  for  industrial  use  with  those  on  the  southerly  bank  in  Warwick 
classified  as  residential  with  size,  shape,  topography  and  location  pre¬ 
cluding  any  other  usage.  ?•*'•  land  at  the  outlet  at  Apponaug  Cove  is 
zoned  as  industrial  with  wa  .  front  recreational  value  but  subject  to 
tidal  flooding. 
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TABLE  4-3 

NATICK  DIVERSION 

LANDS  AND  DAMAGES 
TOTAL  COSTS 

NATICK 

DIVERSION 


Lands  and  Improvements  (Fee/Permanent  Easement)  $  116,700 

Temporary  Construction  Easemeits  80,300 

Severance  Damages  - 

Acquisition  Costs  102,400 

Relocation  Assistance  Costs  16,500 

Contingencies  64 , 900 

TOTAL  LANDS  AND  DAMAGES  COSTS  $  380,800 
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Access  to  the  intake  works  would  be  provided  via  Water  Street,  currently 
an  existing  unpaved  rtght-o  f-way  along  the  northerl  y  bank  in  West 
Warwick.  The  opposite  southerly  bank  consisting  of  a  steeply  sloped 
and  wooded  area  in  Warwick  can  be  reached  by  a  two-lane  paved  road 
running  parallel  to  the  river  bank  and  currently  known  as  O'Donnell 
Avenue.  At  the  outlet  works,  access  would  be  via  a  narrow  unpaved 
gravel  public  right-of-way  (Station  Street),  which  terminates  at 
Apponaug  Cove.  As  access  to  the  project  area  can  be  provided  via  public 
ways,  additional  right-of-way  lands  are  considered  minimal,  if  any. 

Loss  of  Taxes  Discussions  with  local  assessors  and  a  review  of  the 
community  records  indicate  the  tax  loss  on  fee  simple  taking,  as  a 
result  of  the  project,  would  be  about  $<'(400  per  annum. 

Construction  Period  It  is  envisioned  that  the  Natick  Diversion  would  be 
constructed  in  three  general  stages,  the  fti.st  phase  being  the  sinking 
of  the  outlet  shaft  and  tunnel  excavation  including  the  reinforced 
concrete  lining.  Work  would  be  performed  around  the  clock  accommodating 
3-8  hour  shifts,  6  days  per  week.  This  phase  will  run  for  the  first 
three  consecutive  years  into  the  fourth. 

The  following  phase  would  be  the  sinking  of  the  inlet  shaft  along  with 
simultaneous  construction  of  above  ground  structures  at  the  outlet.  The 
last  stage  would  involve  the  construction  of  the  intake  works.  Work  for 
these  last  two  phases  would  be  scheduled  for  1-8  hour  shift,  5  days  per 
week.  By  maintaining  a  tight  work  schedule  with  overlap  Into 
construction  stages,  total  construction  could  be  effectively  completed 
within  a  four-year  construction  period. 

Operation  and  Maintenance  As  three  communities,  namely,  the  town  of 
West  Warwick  and  the  cities  of  Cranston  and  Warwick  would  benefit  from 
the  Natick  Diversion,  the  project  is  considered  regional  in  nature  and 
would  be  totally  Federally  funded  under  the  current  legislated  policy. 

Consequently,  the  cost  for  operation  and  maintenance  (about  $115,000 
annually)  including  all  related  functions  such  as  necessary  flood 
control  operations  and  collection  of  hydrological  data  would  be  borne  by 
the  Federal  Government.  Costs  of  dewatering  the  tunnel  periodically  for 
Inspection  purposes  would  also  be  a  Federal  cost. 

Major  Replacements  This  world  include  an  allowance  for  project  items 
deemed  to  have  a  usable  life  less  than  that  of  the  project.  Major  items 
considered  within  this  purview  included  sluice  gates  at  the  diversion 
intake  of  gravity  outlets.  From  previous  experience  with  similar 
projects,  it  is  assumed  that,  on  the  average,  major  replacements  would 
occur  every  25  years  and  90  percent  of  these  replacement  items  would  be 
required.  These  are  estimated  to  be  $1,200  for  the  diversion. 
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Beautification  and  Recreation  The  plan  would  Insure  that  all  project  com¬ 
ponents  be  as  visually  acceptable  as  possible  with  inclusion  ol  beautification 
and  landscaping  measure  s  being  an  integral  part  of  the  selected  plan. 

Recreational  opportunities  associated  with  the  Natick  Diversion  project  are 
either  non-existent  or  sparsely  limited.  The  only  potentially  suitable 
accommodation  would  be  a  sightseeing  area  overlooking  the  intake  structure. 
This  potential  and  any  other  recreational  features  which  subsequently  surface 
would  be  explored  in  the  final  design  stage. 

All  intake  and  outlet  structures  including  associated  features  such  as  log 
boom,  gate  structure,  operator's  quarters  and  maintenance  quarters  would  be 
designed  to  provide  architectural  compatibility  with  the  surrounding  area. 

EFFECTS  ON  FLOOD  DAMAGES 


Because  of  the  nature  of  this  structural  element,  a  very  high  degree  of 
protection  can  be  afforded  by  the  diversion  to  downstream  area9.  This  degree 
of  protection  is  dependent  upon  the  diameter  of  the  tunnel  (regulates  the 
amount  of  transfer  of  floodwaters  out  of  the  basin  and  into  Apponaug  Cove) 
and  the  location  of  the  damage  area  (the  farther  downstream  the  greater  the 
amount  of  uncontrolled  drainage  entering  the  river  and  the  greater  the  effect 
of  potential  hurricane  tides).  The  following  table  illustrates  the  relative 
effectiveness  of  the  various  sized  diversion  tunnels  on  all  downstream  zones. 
The  figures  represent  only  residual  losses  to  structures  present  when  the 
damage  survey  was  completed  in  1972  with  all  prices  updated  to  September  1978 


dollars. 

The  figures  do  not 

reflect  any 

growth. 

ZONE 

ZONE 

ZONE 

ZONE 

ZONE 

4 _ 

5 _ 

6 

7 

8 

TOTALS 

21'  dia 

Benef  its 

119,560 

99,980 

32,760 

147,650 

196,820 

$596,770 

Percent-. 

Red  vc  s-  on 

.59 

.82 

.58 

.60 

oo 

• 

27'  dia 

Benefits 

Percent 

172,790 

115,380 

36,270 

152,910 

207,740 

$685,080 

Reduction 

.97 

.94 

.65 

.62 

.51 

30'  dia 

Beuef its 

17  5,560 

12  0,  ‘  30 

36,270 

154,760 

208,950 

$695,670 

Perc  ent 
Reduction 

.98 

.98 

.65 

.63 

.51 

33'  dia 

Benefits 

176,490 

121,460 

36,270 

154,950 

213,930 

$703,100 

Percent 

Reduction 

.99 

.09 

.65 

.63 

.52 

Table 

»  shows  the 

stage  r- 

1  -  -Lion  in 

feet  for 

each  of  the 

five  zones 

down- 

3tream  of  the  diversion  of  t!  .>  theoretical  flood  events,  the  five  percent, 
one  percent  and  the  two-tenths  ,  ar'-ent.  The  March  1968  1  lood  event  on  the 
Pawtuxet  is  more  frequent  than  (he  five  percent  storm. 
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TABLE  4-4 


STAGE  REDUCTIONS  FROM  VARIOUS 
SIZED  NATICK  DIVERSION  TUNNELS 
AT  SPECIFIC  FLOOD  EVENTS 


ZONE 

21'  dia 

27'  dia 

30'  dia 

33' 

4 

2.9 

2.9 

2.9 

2 

5%  Chance 

5 

2.9 

2.9 

2.9 

2 

of 

6 

1.4 

1.4 

1.4 

1 

Occurrence 

7 

1.4 

1.4 

1.4 

1 

8 

1. 1 

1. 1 

1.1 

1 

4 

4.3 

4.3 

4.3 

4. 

1%  Chance 

5 

4.0 

4.0 

4.0 

4* 

of 

6 

2.4 

2.4 

2.4 

2. 

Occurrence 

7 

2.6 

2.6 

2.6 

2. 

8 

1.0 

1  0 

1.0 

1. 

4 

2.8 

6.3 

6.9 

7. 

.2%  Chauce 

5 

3.2 

7.0 

7.2 

7. 

of 

6 

3.1 

5.2 

6.0 

6. 

Occurrence 

7 

1.6 

3.0 

3.8 

3. 

8 

0.9 

1.9 

2.6 

2. 
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ECONOMICS  OF  •'•‘-ii;  S  dA ,<.,K  PURPOSE  NATICK  DIVERSION  PLAN 

. .  "  COM-  AM?  CHARGES 

first  costs  and  prqject  i jtmekt 

s 

Detailed  estimates  of  the  construction  and  associated  costs  for  the  plan 
are  summarized  by  Item  category  in  Table.  4-5.  Applied  unit  prices  are 
based  on  average  bid  prices  for  similar  work  in  the  geographical  area 
and  reflect  39  June  1976  price  levels,  with  totals  updated  to  September 
1978.  Based  on  previous  exoer fence  with  similar  projects  the 
application  of  a  20  percent  contingency  factor  on  all  items,  exclusive 
of  rock  excavation  costs  ta cen  15  percent,  was  considered  to  be 
sufficiently  adequate  for  this  type  of  study.  The  overhead  rates  of  5.5 
percent  each  for  engineering  aad  design,  and  lor  supervision  and 
admnistration  are  based  upon  experience,  know1 edge,  and  conrarison  with 
similar  projects  and  studies  within  this  Di  ion.  Costs  for  lands  and 
damages  were  derived  on  Page  4-7. 

The  project  investment  Is  shown  below  and  was  determined  by  applying  the 
Federal  interest  rate  of  6  anil  5/0  percent  during  construction  for 
one-half  of  the  estimated  construe; ion  period  of  four  years.  All  costa 
have  been  updated  to  reflect;  September  1973  price  levels. 

F ro  jer!:  X n~ -estment 

Natick 
Divers! on 

Project  Hr.:!;  •\>o;  57,800,000 

Inter  a-’*'  during  Construction  7  ,t., 58, 500 

65,458,500 

ANNUAL  CHARI  13 

The  average  annual  charge  :  -a  o<  Hw  are  i.  aed  on  a  .  apital  recovery 

factor  reflecting  an  interest  rate  of  6  ana  5 .'8  percent  with 
amortization  over  a  100-year  life  of  the  pro j  t  for  the  Federal 
investment.  Included  in  the  annual,  charges  are  allowances  for  operation 
and  maintenance,  major  replacements  and  loss-,  o.  taxes  on  lands. 

Annual  Charges 


Interest  and  Am  iiti/at imi  4,343,000 
Operation  and  Maintenance  11 3,0 Qn 
Major  Replacement s  1,200 
Loss  of  Taxes  on  Lane'  _  80n 

TOTAL  (Roundeu  ;  .  4,458,000 


TABLE  4-5 


PROJECT  COST  OF  STRUCTURAL 
ELEMENT  OF  THE 
NATICK  DIVERSION  (30*  DIA. ) 


UNIT 

QUANTITY 

COST 

TOTAL  COST 

Preparation  of  Site 

1 

L.S. 

$  2,120,0 00 

Stream  Control 

1 

L.S, 

2,075,000 

Dredging 

14,500 

11.60 

168,200 

Earth  Exc.  (Common) 

12,000 

4.40 

52,800 

Rock  Ex.  (Common) 

6,000 

16.80 

100,800 

Rock  Exc.  (Tunnel  &  Shaft) 

420,000 

53.60 

22,512,000 

Rock  Slope  Protection 

4,400 

17.50 

77,000 

Gravel  Bedding 

4,000 

7.70 

30,800 

Compacted  Gravel  Fill 

1,500 

7.50 

11,250 

Reinforced  Concrete 

1.  Diversion  Dam 

1,700 

90.00 

153,000 

2.  Diversion  Intake 

2,400 

192.00 

460,800 

3.  Diversion  Outlet 

3,800 

200.00 

760,000 

4.  Tunnel  Lining 

72,000 

6*2.00 

4,464,000 

Shotcrete 

13,000 

6.30 

81,900 

Cement 

538,000 

3.10 

1,667,800 

Reinforcing  Steel 

4,548,000 

0.50 

285,000 

Tunnel  Bracing  &  Mine  Ties 

9,000 

0.90 

8,100 

Water  Stops 

600 

11.60 

6,960 

Bituminous  Cone.  Pavement 

1,500 

4.10 

6,150 

Cable  Guard  Rail 

500 

11.60 

5,800 

6'  Security  C.L.  Fence 

1,000 

8.00 

8,000 

Two  -  8'x8'  Sluice  Gates 

1 

L.  S. 

57,000 

Stop  Log  Barrier 

1 

L.S. 

5,000 

Tunnel  Ventilation 

1 

L.S. 

226,000 

Landscaping 

1 

L.S. 

28,000 

SUBTOTAL 

$37,645,000 

Contingencies 

(17.2%+  Composite) 

6,500,000 

SUBTOTAL 

$44,145,000 

Engineering  &  Design  (5.5%+) 

2,242,000 

Supervison  &  Administration 

(5.5%+) 

2.242.000 

TOTAL  CONSTRUCTION  COSTS 

$4  8,62  9,000 

Lands  and  Improvements 

(Fee /Permanent  Easements) 

98,200 

Temporary  Construction  Easements 

67,500 

Acquisition  Costs 

86,000 

Relocation  Assistance  Costs 

13,800 

Contingencies 

54,800 

TOTAL  LANDS  &  DAMAGES  320,000 

TOTAL  COST  $48,949,000 


updated  to  September  1978  dollars  $57,270,330 
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BASIC  BENEFITS 


Natick  Diversion  provides  flood  protection  to  all  downstream  zones  in 
varying  degrees.  With  the  basin  experiencing  a  rapid  growth  both  within 
the  flood  plain  and  outside  of  it,  flood  discharge  frequencies,  as 
explained  in  Appendix  1,  are  expected  to  increase  10  percent  between  the 
initiation  of  the  study  (1972)  and  1990,  and  another  10  percent  between 
1990  and  2020.  All  damages  and  benefits,  updated  to  September  1978 
price  levels,  reflect  the  level  of  development  present  in  the  watershed 
for  mid-1972.  An  example  of  the  effect  of  urbanization  on  existing 
damages  is  shown  on  Plate  4-2. 

Flood  damage  reduction  benefits  were  derived  as  the  difference  between 
flood  damages  without  the  project  in  each  reach  of  river  to  be  affected 
and  those  that  would  remain  with  the  projec*  in  operation. 

At  the  time  of  the  original  preparation  of  this  section,  1985  was  taken 
as  the  base  year  for  benefit  analysis.  Benefits  were  computed  for  1985, 

1990  and  2020  reflecting  the  changes  in  the  loss  potential  to  be 
expected  with  time-  Values  for  1990  and  2020  were  brought  back  to 
current  values  by  present  worth  methods  using  an  interest  rate  of  6  and 
5/8  percent. 

Table  4-6  shows  the  average  annual  damages,  annual  benefits  to  the 
Natick  Diversion  and  the  annual  losses  remaining  with  project 
implementation  for  each  of  the  five  main  impacted  zones.  All 
urbanization  effects  are  included  for  the  1972  scale  of  development. 

FUTURE  GROWTH  BEFORE  PROJECT  COMPLETION  (1972-1985) 

From  the  date  of  the  initial  damage  survey  (1972)  to  original  prepa¬ 
ration  of  the  initial  draft  survey  report  (Oct  ]976)  numerous  new  structures 
had  been  built  in  the  flood  plain.  Many  have  first  floor  elevations 
below  the  hundred  year  flood  limits.  During  that  referenced  period 
including  the  interval  up  to  the  present,  the  growth  rate  has  exceeded 
that  cited  In  Appendix  1. 

The  losses  to  these  structures,  those  being  built  in  the  flood  plains 
today,  as  well  as  those  contemplated  in  the  future  were  derived  using 
the  methodology  explained  in  Appendix  7,  "Economics. "  However,  because 
of  the  greater  protected  area  afforded  by  the  diversion,  considerable 
more  effort  went  into  determining  the  appropriate  benefits  and  losses. 

It  then  became  necessary  to  determine  where  the  growth  could  occur  for 
each  of  the  three  major  land  use  categories  (residential,  commercial, 
industrial).  Table  4-7  represents  the  available  land  within  the 
mainstem  Pawtuxet  River.  It  chows  that  there  are  only  53  acres  of 
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1968  FLOOD 


2020  URB 


RECURRING  DAMAGES  »  $1000 


7200 

6400 

5600 

4800 

4000 

3200 

2400 

1600 

800 


PERCENT  CHANCE  OF  OCCURRENCE  PER  SINGLE  YEAR 

DAMAGE  -  FREQUENCY  CURVE 


NOTE  ACTUAl  AREAS  FOR  All  CONDITIONS  HAVE  BEEN  CALCULATED 
THE  MODIFIED  CURVES.  UNLESS  OTHERWISE  SHOWN.  INDICATE 
2020  URBANIZATION  AS  MODIFIED  BY  A  13000  CES  DIVERSION. 


RANGE 

* 

RANGE 

B 

RANGE 

c 

AVERAGE 

1  sq 

•  in.=  $3200 

1  sq.in.=  $4000 

1  sq.in.-  $4000 

ANNUAL 

AREA 

loss 

BEN 

AREA 

LOSS 

BEN 

AREA 

LOSS 

BEN 

LOSSES 

BENEFITS 

2020  URBAN 

14  92 

47.744 

12  33 

49,320 

11.37 

45,480 

1  42,544 

i  990  URBAN 

13  23 

42.336 

6  96 

27.840 

8  00 

32.000 

102.176 

natural 

11  94 

38.208 

4  47 

17,875 

5.98 

23,920 

80.003 

2020  MOD  X  13000 

>  81 

5.792 

41,952 

35 

1.400 

47.920 

.28 

1,120 

44.360 

8.312 

134.232 

1990  MOD  X  13000 

'  38 

4.416 

37,920 

19 

750 

27.090 

14 

540 

31  460 

5.706 

96,470 

1970  MOD  X  13000 

53 

1,696 

36.512 

09 

375 

17,500 

07 

280 

23.640 

2.351 

77  65? 

WATER  RESOURCES  MANAGEMENT  REPORT 


PAWTUXET  RIVER  BASIN 
RHODE  ISLAND 

DAMAGE-FREQUENCY-STAGE  RELATIONSHIPS 

URBANIZATION  EFFECTS  -  ZONE  #5 

OiPAVTMIHT  Of  IMI  HIT 
NIW  INGUND  DIVISION  (0IPS  Of  INGINIII1 
•  tlTKAB  B»SS 


PLATE  4-2 


TABLE  4-6 


AVERAGE  ANNUAL  LOSSES 
AND  BENEFITS 

1972  Scale  of  Development  -  September  1978  Price  Level 


Location 

Total 

Annual  Damages 

Benefits  to 

30  Ft.  Diversion 

Residual 

Losses 

Zone  4 

297,000 

290,600 

6,400 

Zone  5 

183,500 

171,800 

11,700 

Zone  6 

98,500 

66,300 

32,200 

Zone  7 

469,000 

302,000 

167,000 

Zone  8 

564,400 

300,400 

264,000 

TOTAL 


$  1,612,400 


$  1,1.31,100 


$  481,300 


AFFECTED  AKEA  LAND  USE 
1970 
(Acres) 


commercial  land  available  for  development,  24  of  which  are  located  in 
the  floodway.  At  the  calculated  growth  rate,  this  land,  exclusive  of 
the  flooding  will  be  saturated  within  10  years.  From  the  land  use 
analyses,  75  percent  of  the  commercial  growth  would  occur  in  Zone  4 
and  the  remainder  in  Zone  8. 

In  this  interval,  industrial  growth  will  consume  a  total  of  only  39 
acres  of  vacant  land.  Industrial  growth  is  projected  in  the  following 
areas  at  these  rates. 


Zone  5  33% 
Zone  4  23% 
Zone  6  22 / 
Zone  8  22% 


The  losses  and  benefits  for  this  period  are  shown  on  Table  4-8. 
Saturation  will  not  occur. 

FUTURF.  GROWTH  OVER  PROJECT  LIFE  (1985-2085) 

This  phase  of  growth  would  occur  after  the  selected  plan  is  operational. 
Growth  will  continue  at  the  pre- project  growth  rate  of  3.0  acres  per 
year  or  industrial  zoned  land.  Growth  wall  not  be  c' •  termined  for 
residential  use  as  existing  multi-family  zoned  land  ]'■  rather  limited. 
Commercial  vacant  land  is  non-existent.  Rezoning  of  the  vacant 
industrial  land  or  single  family  residential  land  will  not  be  assumed, 
although  this  practice  has  occurred  within  the  study  area.  At  the  base 
year  of  the  project,  as  originally  conceived  was  1985,  about  566  acres  of 
industrial  land  should  be  vacant  within  the  standard  project  flood 
confines.  Significant  vacant  land  is  available  in  Zone  5,  with  lesser 
amounts  in  Zones  4  and  6.  Little  vacant  land  is  available  within  the 
Cranston  portions  of  Zones  7  and  8. 

Within  the  Warwick  industrial  park  about  50  acres  of  prime  industrial 
land  would  be  vacant  by  the  base  year.  (Ten  additional  acres  of  land 
will  have  been  utilized  in  the  1972  to  1985  growth  pe.riod.)  Several  of 
the  existing  firms  are  now  prohibited  from  enlarging  the  facilities 
because  of  existing  constraints  on  expansion  within  the  fifty-year  flood 
plain.  Because  of  the  desirability  of  locating  within  the  Warwick 
Industrial  Park  (sewered  area,  adjacent  to  good  connecting  highway 
system,  availability  of  public  water  supply  and  public  transportation) 
all  new  growth  will  u cur  within  this  area  until  the  existing  vacant 
land  becomes  saturated  as  a  result  of  the  protection  afforded  it  by  the 
diversion. 

All  the  Industrial  growth  has  been  projected  to  occur  within  the  Warwick 
Industrial  Park  for  the  period  up  to  1995.  The  remainder  of  the  growth, 
from  1995  to  2085,  is  expected  to  occur  in  Zones  4,  5,  and  6.  It  has 
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TABLE  4-8 


1972  TO  1985  FUTURE  GROWTH 
BEFORE  PROJECT  COMPLETION 


Type  & 
Location 

Total  Annual 
Damages 

Benefits  to 

30  ft  Diversion 

Industrial 

Zone  4 

$ 

66,830 

$  59,560 

Zone  5 

105,810 

103,380 

Zone  6 

67,100 

50,630 

Zone  8 

59,060 

33,150 

Sub-Total 

$ 

298,800 

$  246,720 

Commercial 

Zone  4 

$ 

143,550 

$  132,860 

Zone  8 

39.650 

25,030 

Sub-Total 

$ 

183,200 

$  157,890 

Residential 

Zone  4 

$ 

108.500 

$  98.140 

TOTALS 

$ 

590,500 

$  502,750 

Residual 

Losses 


$  7,270 

2,440 
16,480 
25,900 

$  52,090 


$  10,690 

14.630 

$  25,320 


$  10.360 


$  87,770 
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been  estimated  that  50  percent  of  the  growth  is  expected  to  be  in  Zone 
5,  and  the  remainder  equally  distributed  between  4  and  6.  New  dummy  unit 
stage-damage  curves  were  determined  for  these  three  zones.  Damages, 
benefits  and  residual  losses  were  then  calculated  for  this  phase. 
Increases  in  losses  (benefits)  were  included  for  the  changes  due  to 
urbanization. 

Plate  4-3  shows  the  damage,  frequency  and  stage  relationships  for  Zone  5 
and  Table  4-9  summarizes  the  1985  to  2085  allowable  growth,  both  under 
the  "with  the  project  conditions."  Table  4-9  has  been  updated  to 
reflect  the  September  1978  price  levels. 

LOCATION  BENEFITS 

Along  the  lower  10  miles  of  the  Pawtuxet  River  there  are  about  385  acres 
of  floodway  lands  where  development  wuld  not  be  permitted  under  the 
National  Flood  Insurance  Act  (NFIA).  These  areas  have  not  as  yet  been 
officially  delineated  by  the  Federal  Insurance  Administration,  but  are 
expected  to  be  in  the  near  future.  The  diversion  would  virtually 
eliminate  the  floodway.  Much  of  this  land  could  now  be  developed.  About 
half  of  the  385  acres  of  land  is  zoned  industrial,  with  the  remaining 
portion  unsuitable  for  most  uses  as  the  areas  are  either  State  or  local 
conservation  land  or  limited  access  areas  create.d  by  the  interstate 
system.  The  final  choice  of  values  for  benefits  in  this  category  were 
equated  to  the  difference  in  the  market  value  of  the  flood  plain  land 
with  and  without  flood  protection*  A  ten  year  growth  period  was 
employed  for  the  land  to  reach  its  peak  use  value.  Consultation  with 
local  real  estate  brokers  and  knowledge  of  past  sales  within  the  area  by 
the  Real  Estate  personnel  of  this  Division  established  the  present  value 
of  the  floodway  land  and  the  value  of  comparable  land  outside  the  flood 
plain. 

The  following  tabulation  represents  area,  percent  developable,  land  use 
classification,  value  of  land  with  and  without  the  project,  and  net 
worth  of  the  existing  vacant  floodway. 

FLOODWAY  AREA 


Future 

Existing 

Area 

Percent 

Value 

Value 

Net  Worth 

(Acres) 

Developable 

Use 

$/S.F . 

$/S.F. 

x  $1,000 

180 

75 

Industrial 

$1.50 

$.10 

$8,233 

13 

100 

Industrial 

$2.00 

$.  10 

$1,076 

2 

100 

Commercial 

$1.50 

$.  10 

$  122 
$9,431 
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TABLE  4-9 


NATICK  DIVERSION 

FUTURE  INDUSTRIAL  LOSSES  AND  BENEFITS 
1985  -  2085 

September  1978  Price  Level 


Location 

Total  Annual 
Damages 

Benefits  to 

30  ft  Diversion 

Zone  4 

94,100 

85,790 

Zone  5 

354,450 

335,320 

Zone  6 

233,500 

167,400 

Zone  7 

0 

0 

Zone  8 

961.950 

516,130 

TOTALS 

$1,644,000 

$1,104,640 

Residual 

Losses 

8,320 

19,140 

66,100 

0 

445,820 

$539,380 


, — 1970  NATURAL 


MODIFIED  BY  13000  CFS  DIVERSION 


01  05  2  5  !  3  30  50  70  90  98 

PERCENT  CHANCE  OF  OCCURRENCE  ANNUALLY 

STAGE- FREQUENCY  CURVE 

NATURAL  CONDITIONS 

(INDEX  STATION-RIVER  SECTION  340.00) 


1968  FLOOD  CREST 


SCALE  A  400  800  1200  1600  2000  2400  2800  3200  3600  4000  4  400  4800  5200  5600 

SCALE  B  20  40  60  80  100  120  140  160  ISO 

RECURRING  DAMAGES  IN  *1000  UNITS 

STAGE  -  DAMAGE  CURVE 
1972  STUDY 
1972  PRICE  LEVEL 


RECURRING  DAMAGES  *  $1000 


64CC 

5600 

4800 

4000 

3200 

2400 

1600 

800 


12  4  6 


10  20  30  4  0  50  10  20  30  40  50  60  70  80 

PERCENT  CHANCE  OF  OCCURRENCE  PER  SINGLE  YEAR 

DAMAGE  -  FREQUENCY  CURVE 

1972  STUDY 
1972  PRICE  LEVEL 

FOR  1970  HYDROLOGIC  CONDITIONS 


RANGE 

A 

RANGE 

B 

RANGE 

C 

AVERAGE 

1  sq.in.=  $3200 

1  sq.in.=  $2500 

1  sq.in.=  $2000 

ANNUAL 

AREA 

LOSS 

BEN 

AREA 

LOSS 

BEN. 

AREA 

LOSS 

BEN 

LOSSES 

BENEFITS 

NATURAL 

1)  94 

38,208 

7.15 

17,875 

11.96 

23,920 

80,003 

«  13,000  DIV 

.53 

1,696 

36,512 

.15 

375 

17,500 

.14 

280 

23,640 

2351 

77.652 
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BASIC  BENEFITS  -  ZONE  #5 
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PLATE  4-3 


This  Is  equivalent  to  an  average  annual  benefit  of  $680,000  utilizing  an 
eight  percent  rate  of  return. 

Of  the  three  techniques  mentioned  in  ER  1105-2-351  for  measuring  so 
called  "Location  Benefits",  the  "change  in  the  market  value  of  land"  is 
selected  for  final  calculations  as  it  is  the  most  quantifiable  and 
factually  supported  method  at  the  field  level.  In  complex  basin  flood 
plain  situations  such  as  in  this  study  area,  reliable  information  on 
economic  gains  to  activities  using  the  flood  plain  only  with  protection 
is  extremely  difficult  to  obtain  and  the  degree  of  confidence  in  making 
judgements  as  to  threshold  levels  is  questionable. 

AREA  REDEVELOPMENT  BENEFITS 

In  labor  market  areas  which  have  been  designated  as  Redevelopment  Areas, 
Senate  Document  No.  97  of  the  87th  Congress  directs  that  the  project 
benefits  shall  be  considered  to  be  increased  by  the  value  of  the  labor 
and  other  resources  required  for  project  construction  and  expected  to  be 
used  in  project  operation,  project  maintenance,  and  additional  area 
employment  during  the  construction  of  the  project.  Otherwise,  such 
labor  and  resources  would  not  be  utilized  or  under-utilized.  The 
Pawtuxet  River  Basin  lies  in  the  providence-Pawtucket-Warwick  SMSA, 
which  is  designated  as  a  Title  IV  Redevelopment  Area  under  P.L.  89-136 
by  the  Economic  Development  Administration.  In  April  1976,  the 
unemployment  rate  for  this  SMSA  was  10.5  percent. 

The  records  of  this  office  indicate  that  in  the  average  civil  works 
project,  the  labor  cost  generally  approximates  27  percent  of  total 
construction  costs.  However,  due  to  the  nature  of  this  work,  the  labor 
component  for  this  project  has  been  estimated  at  30  percent.  As  the 
construction  cost  of  the  project  is  currently  estimated  at  $57,800,000 
at  September  1978  price  levels,  labor's  share  amounts  to  about 
$17,340,000. 

It  is  estimated  that  80  percent  of  the  laborers  will  be  locally  hired 
for  this  project.  While  not  all  of  this  labor  will  come  from  the  rolls 
of  the  unemployed,  the  jobs  that  they  leave  will  be  filled  by  either  the 
unemployed,  or  the  underemployed;  thus  80  percent  is  used.  The  above 
process  is  shown  on  Table  4-10. 

Benefits  are  not  considered  for  labor  engaged  in  maintenance  and 
operation  of  the  project  after  construction  as  the  need  is  small  and  the 
work,  associated  with  the  Warwick-Elmwood  Avenue  local  protective  works 
portion,  will  be  handled  by  the  regular  public  work  force  of  the 
community. 
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TABLE  4-10 


AREA  REDEVELOPMENT  BENEFITS 


NATICK  DIVERSION: 


TOTAL  CONSTRUCTION  COST 


$  56,897,000 


YEARLY  FUNDING  -  4  Years  for  Construction 

1st  Year  . $  8,775,000 

2nd  Year  . $20,475,000 

3rd  Year  . $17,550,000 

4th  Year  . $10,097,000 

PRESENT  WORTH  VALUE 


l8t 

Year: 

.93786 

X 

$8,775,000 

x  .30 

2nd 

Year: 

.87969 

X 

20,475,000 

x  .30 

3rd 

Year: 

.82494 

X 

17,550,000 

x  .30 

4th 

Year: 

.77368 

X 

10,097,000 

x  .30 

$  2,468,900 
$  5,403,500 
$  4,343,300 
$  2,343.600 

$  14,559,300 


ANNUALIZING 


80%  Local  Hire  x  $14,559,300 


$  11,647,440 
x  .06635 


772,800 
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BENEFITS  TO  MUNICIPAL  SEWAGE  TREATMENT  FACILITIES 

There  are  three  municipal  sewage  treatment  facilities  located  downstream 
of  the  Natick  01 version  that  would  receive  flood  stage  reductions.  Two 
of  these  facilities  (at  Warwick  and  at  West  Warwick)  have  parts  of  their 
treatment  system  below  the  current  25-year  flood  with  the  remaining 
portions  of  the  Cranston  facility  located  at  or  above  the  current 
100-year  flood  level.  As  the  main  structural  components  of  the  Warwick 
and  West  Warwick  facilities  are  b.-low  the  existing  hundred  year  level, 
significant  damages  would  result  ...  either  the  25  or  100-year  flood 
level  for  both  facilities.  As  expansion  of  these  facilities  is  planned 
in  the  future,  they  are  required  to  follow  EPA  technical  bulletin 
430-99-74-001  "Design  Criteria  for  Mechanical,  Electric  and  Fluid  System 
and  Component  Reliability". 

This  bulletin  states  that  the  treatment  works'  structures  including 
electrical  and  mechanical  equipments  shall  be  protected  from  physical 
damage  by  the  future  one  hundred  year  flood.  In  addition,  the  treatment 
works  shall  remain  fully  operational  during  the  twenty- five-year  flood 
if  practicable.  As  the  diversion  will  reduce  flood  stages  so  that 
minimal  damages  result  at  the  hundred-year  flood  and  the  plants  remain 
completely  operative  during  the  twenty-five-year  event,  a  benefit  can  be 
credited  for  this  reduction.  In  accordance  with  directives,  the  benefit 
would  be  equalled  to  the  least  alternative  cost  of  protection  for  either 
the  25-year  complete  operational  cycle  or  the  100-year  structural  pro¬ 
tection.  For  both  affected  treatment  facilities:  the  least  alternative 
cost  of  protection  consists  of  building  walls  and  dikes  to  the  100-year 
level  of  protection  as  tabulated  in  Table  4-11.  As  evaluated  by  this 
office,  floodproofing  of  these  structures  at  a  100-year  level  proved  to 
be  far  more  expensive  than  the  walls  and  dikes  and  was  obviated  as  a 
viable  measure. 

SENSITIVITY  ANALYSIS  OF  URBANIZATION  AND  GROWTH 

As  the  area  is  rapidly  intensifying  in  activity  with  a  large  portion 
within  the  flood  plain,  a  combination  of  both  urbanization  and  growth 
conditions  have  resulted  in  significant  benefits.  There  are  sufficient 
so  as  to  allow  the  project  to  have  a  favorable  benefit  to  cost  ratio. 
Although  not  required,  a  sensitivity  analysis  of  the  urbanization 
effects  and  projected  growth  were  evaluated.  Five  varyng  conditions 
were  analyzed:  no  future  urbanization  and  no  future  growth;  one  half 
the  projected  grow; 1  .  The  results  of  this  analysis  are  presented  in 
Table  4-12  which  indicates  that  without  the  projected  growth  rates  and 
urbanization  conditions,  the  selected  plan  would  not  be  justified. 

By  the  addition  of  some  of  the  previously  excluded  benefits,  the 
selected  plan  would  be  justified  at  the  one  half  urbanization  -  full 
growth  condition,  or  full  urbanization  and  half  the  projected  growth. 
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TABLE  4-11 


LEAST  ALTERNATIVE  COSTS  FOR 
FLOOD  PROTECTION  OF  MUNICIPAL 
SEWAGE  TREATMENT  FACILITIES 

100-Year  Level  of  Protection,  Including  Freeboard 


PROJECT  INVESTMENTS 


West  Warwick  Construction  Cost 
Warwick  Construction  Cost 

Interest  During  Construction 

2  Years  x  1/2  x  .06625  x  $1,905,000 


$  892,000 
1,012,000 
$1,905,000 

316,000 


TOTAL  PROJECT  INVESTMENTS 


$2,221,000 


ANNUAL  CHARGES 

Interest  and  Amortization: 

100-year  life  @  6  and  5/8  percent 

.06635  x  $2,221,000  =  $  147,000 

Operation  and  Maintenance  _ 7 ,000 


AVERAGE  ANNUAL  COST  AND  BENEFITS  =  $  154,000 

(FOR  PROTECTION  TO  MUNICIPAL 
SEWAGE  TREATMENT  FACILITIES) 
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SENSITIVITY  ANALYSIS  OF  URBANIZATION  AND  GROWTH 


In  addition,  the  substitution  of  a  reduced  tunnel  size  would  reduce 
construction  costs  and  result  in  a  justified  project  for  a  limited 
growth  condition. 

The  plan  is  sensitive  to  the  future  conditions  within  the  basin.  Based 
upon  the  rapid  growth  within  the  past  decade,  the  projected  growth  and 
job  opportunities,  the  lack  of  vacant  industrial  land  within  the  region 
and  the  high  degree  of  security  that  the  flood  control  projects  uld 
afford,  all  prior  urbanization  and  growth  rates  were  conservatively 
estimated.  The  minimum  level  of  growth  and  urbanization  conditions 
thought  to  be  representative  of  the  future  were  evaluated  previously. 

The  results  of  that  analysis  resulted  in  a  justified  selected  plan. 

FLOOD  CONTROL  BENEFITS  EXCLUDED  FROM  ECONOMIC  ANALYSIS 

Other  vacant  non- floodway  land  below  the  100-year  flood  plain  will  also 
reap  significant  benefits  due  to  the  diversion  and  local  protection 
project.  The  provisions  of  the  National  Flood  Insurance  Act  of  1973 
were  fully  compiled  with  in  projecting  growth  in  the  flood  plain. 
Urbanization  was  not  projected  in  the  estimated  100-year  floodway.  All 
future  development  in  the  estimated  100-year  floodway  fringe  was  assumed 
to  be  floodproofed  against  the  100-ye.ar  flood.  The  most  economical  and 
feasible  method  of  floodproofing  In  this  area  would  be  to  build 
structures  on  fill.  With  the  Natick  Diversion,  there  are  approximately 
770  acres  of  floodway  fringe  that  are  no  longer  subject  to  flooding  at 
the  100-year  level.  The  reductions  in  water  surface  due  to  this  project 
are  shown  on  Plate  2  of  the  hydrology  report. 

Of  this  area,  about  400  acres  are  vacant.  The  cost  to  fill  this  area  to 
the  100-year  flood  level  would  be  about  $6  million  or  $380,800  annually. 
With  flood  control  improvements  in  place,  this  filling  would  be 
unnecessary.  In  addition,  the  remaining  land  still  subject  to  flooding 
at  the  new  100-year  flood  level,  in  theory  requires  even  less  fill  which 
would  result  in  even  greater  benefits. 

An  additional  item  which  was  not  included  in  the  benefit  anaysis  is  the 
assumption  that  portions  of  the  vacant  industrial  land  would  be  rezoned 
as  commercial.  There  is  a  large  demand  for  this  category  of  land  use, 
and  significant  rezoning  of  land  has  occurred  in  the  past.  No 
commercial  growth  was  assumed  past  1982.  By  that  date,  the  existing 
land  zoned  as  commercial  will  have  been  saturated.  During  the  growth 
period,  from  1972  to  2085,  about  200  acres  of  Industrial  land  will  be 
used.  As  there  are  currently  about  600  acres  so  zoned,  about  400  acres 
should  he  vacant.  A  significant  portion  of  this  land  would  probably  be 
rezoned,  or  be  used  for  industry  at  a  higher  growth  rate  than  used 
during  the  conduct  of  this  study,  which  would  result  in  far  greater 
economic  benefits. 
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Other  items  not  Included  as  benefits  involve  the  savings  in  premium  cost 
under  the  National  Flood  Insurance  Program  tor  covered  structures, 
benefits  to  the  interstate  transportation  system  afforded  as  1-95  would 
no  longer  be  subject  to  flooding,  flood  fighting  costs,  the  increased 
damages  to  be  experienced  inside  of  existing,  or  future  structures  due 
to  the  addition  of  more  sophisticated,  and  more  expensive  equipment, 
and  the  Increased  value  of  the  utilized  flood  fringe  land  now 
flood-fr^e.  All  flood-free  structures  would  now  be  worth  more,  and  thus 
would  be  attributable  to  the  selected  plan. 

Another  major  benefit  not  claimed  would  be  the  theoretical  savings  to 
homeowners  and  industry  in  the  cost  of  providing  f loodproof ing  costs. 
From  Table  III-l  this  cost  for  the  100-year  flood  event  is  about 
$57,000,000  to  the  1972  existing  structures.  With  this  diversion  scheme 
many  of  these  would  receive  a  high  degree  of  protection.  However,  there 
still  would  be  the  need  to  floodproof  over  200  structures. 


EFFECT  ON  THE  ENVIRONMENT 

Potential  Impacts  in  Apponaug  Cove  and  C'reenwjch  Bay.  Diversion  of 
freshwater  into  Appouaug  Cove  and  Greenwich  Bay  could  have  a  significant 
impact  on  the  environment.  A  sampling  program  for  the  Pawt’  vet  River 
was  initiated  by  the  Corps  of  Engineers  through  the  auspices  of  the 
Federal.  Environmental  Protection  Agency  (EPA)  *o  determine  existing 
concentrations  of  various  water  qualify  parameter  : . 

It  was  envisioned  that  during  this  sampling  period,  some  high  flows 
would  be  encountered  that  would  be  representative  of  flood  conditions. 
However,  the  maximum  experienced  flows  for  the  sampling  dates  were  less 
than  700  cfs.  For  the  diversion  to  be  operative,  a  flow  in  excess  of 
1,800  cfs  would  be  required.  From  an  analysis  of  these  current  water 
quality  data,  only  the  coliform  group  of  micro-organisms  presents  a 
source  of  public  health  problem.  However,  due  to  the  diversion  of  the 
freshwater  (Pawtuxet  River)  into  the  saline  environment  (Apponaug  Cove 
and  Greenwich  Bay)  tee  overall  salinities  in  the  Cove  and  Baj?  will  be 
temporarily  reduced.  Although  not  a  public  health  problem,  it  will 
induce  physiological  stress  on  the  marine  flora  and  fauna  present  in 
Apponaug  Cove  and  Greenwich  Bay. 

The  total  coliform  counts  on  the  Pawtuxet  River  at  the  Natick  Dam 
sampling  station  vvr  ud  from  a  minimum  of  2,400  groups  per  100 
milliliter  (ml)  to  .or  2*0,000.  The  total  coliform  value  of  13,000 
groups  per  100  ml  Is  the  geometric  mean  for  the  sampling  period 
(September  1975-June  1976).  As  some  of  the  sources  of  the  coliform 
groups  are  known,  some  of  these  discharges  may  be  tied  into  the  West 
Warwick  sewage  treatment  facility  in  the  near  future.  It  can  be  assumed 


that  most  of  these  effluents  will  have  a  significantly  less  pollution 
load  by  the  time  the  project  Is  operational  as  the  existing  discharges 
would  be  in  violation  of  Public  Law  92-500,  Federal  Water  Pollution 
Control  Act,  as  amended.  It  is  envisioned  that  by  the  time  the 
diversion  would  be  operative,  an  average  total  coliform  group  value  at 
normal  flows  would  probably  be  less  than  1,000  groups  per  100  ml.  This 
would  be  further  reduced  when  the  river  reached  flood  stage.  in 
addition,  it  has  been  reported  in  technical  literature1  that  a 
significant  reduction  in  coliform  counts  occurs  due  to  the  toxic  effect 
of  saline  water  on  coliform  bacteria.  The  reduction  is  dependent  upon 
the  final  percent  salinity  of  the  aggreg  ite  mixture,  and  the  exposure 
time. 

A  mathematical  model  study  was  then  employed  to  evaluate,  as  well  as  to 
predict,  the  anticipated  impact  on  Apponaug  Cove  and  Greenwich  Bay  due 
to  the  operation  of  the  diversion.  The  impacts  of  the  diversion  were 
modeled  for  three  tidal  conditions,  namely;  spring  tides,  neap  tides, 
and  a  specified  storm  tide  condition  during  normal  tide.  The  storm  tide 
was  modeled  by  adding  a  constant  surge  of  8.6  feet  to  the  normal  tide 
cycle.  Flow  rates  consisted  of  one  constant  rate  of  diversion  equal,  to 
200  cfs,  and  two  time  variable  flow  rates  having  maximum  values  of  2,300 
cfs  and  14,500  cfs. 

The  mathematical  model  used  tor  the  analysis  of  Lhe  di  ersion  was  a 
modification  to  an  existing  model  of  Narragansett  Bay.  • uo  model  was 
modified  to  apply  only  to  Greenwich  Bay  and  to  include  t  m-  diversion  of 
the  Pawtuxet  River  into  Apponaug  Cove.  The  dilution  of  the  input 
source,  the  Pawtuxet  Ri.er,  and  the  addition  of  excess  * oncentrations  of 
the  parameter  under  investigation,  are  predicted  by  using  a  far  field 
advection-diffu3ion  model  in  which  concentration  distributions  are 
determined  by  advectinn  (currents),  turbulent  diffusion,  and  natural 
decay  processes.  This  Effluent  Dispersion  Model  is  a  two  dimensional 
computer  model  which  predicts  the  concentration  of  the  discharged 
material  over  the  study  area.  Impacts  to  the  far-field  model  include 
the  spatially  and  temporarily  varying  advective  currents.  To  obtain 
these  currents,  a  circulation  model  was  employed. 

The  circulation  model  predicted  the  currents  throughout  a  vertically 
well-mixed  two  dimensional  embayment  from  a  knowledge  of  the  tide 
heights  and/or  currents  at  the  open  boundaries  of  the  embayment.  Once 
calibrated,  the  model  was  used  to  predict  the  circulation  patterns  for 
the  three  tide  conditi  .;s. 


*  Hanes,  N.  Bruce  and  Fragal,  Robert  "Effect  of  Seawater  Concentration 
on  Survival  of  Indicator  Bacteria,"  Journal  of  the  Water  Pollution 
Control  Federation,  January  1967. 
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The  computer ized  Effluent  .Hspu*  sion  Model  estimated  the  c.hanges  to  the 
present  water  quality  of  r'er.v. ;ch  Bay  due  to  the  influx  ol:  freshwater 
diverted  from  the  Pai.’tuxet  R1  .  .  The  model  predi<  ted  the  vertically 
averaged  excess  concentrations  of  coliforms,  biochemical  oxygen  demand, 
temperature,  dissolved  oxygen  and  suspended  solids  throughout  a 
well-mixed  horizontal  two-dimensional  plane*  The  ambient  transportation 
process  of  advectlon  and  turbulent  diffusion  were  Included  in  the  model 
along  with  the  internal  decay  mechanisms*  The  model  translated  the  time 
varying  diversion  discharge  into  ft  me  varying  excess  constituent 
concern  tv  -t.  ‘  on  and  dilution  pattern.  -  *•!>  roughout  the  study  area. 

TOO  i ■ »' : ■  DIVERSION  RATE  -  Utilizing  the  existing  water  quality  data  as 
the.  input  for  the  model,  the  constant  flow  rate  of  200  cfs  was  analyzed. 
At  the  peal;  impact  time,  when  the  volume  of  saltwater  in  Appoiiaug 
Uo'v  Greenwich  Bay  was  at  a  minimum  salinities  were  reduced  l o  75 
percent  rf  anMent  throughout  Apponaug  Cove  and  a  small  portion  of 
Groc-nwich  B  *y»  The  effects  of  si i ini  t  •  change  to  me::  .’.no  life  at  this 
rate  were  essential  ty  nogi  tgiMe  and  the-  ai  looted  area  was  limited  to 
Apponaug  Cove,  Excess  <■<>' ifonaa  introduced  to  the  Cove  Bay  area  were 
also  analyzed  at  the  critical  period.  The  results  indicated  that  5 
percent  of  Greenwich  Bay  woula  he  exposed  to  additional  coliforms  due  to 
the  divers' on  for  a  period  of  u.v-u:  one  day,  and  at  peal,  impact  it  would 
have  a  concentration  :>f  about  5  percent  of  the  input  total  cn'.lform 
bacteria.  Utilizing  ex:  a  Tig  water  quality  data  (!••  would  be 
equivalent  to  a  maximum  additional  concentration  <•  •  '  group:,  per  ml. 

However ,  assuming  future  condi  tions,  the  maxima  .  -.1  *  !  <  oncentrnf  ion 
would  only  be  about  50  groups  par  100  ml.  )'.  r  a  n  ..ide  or  constant 
tide  surg"  c.ond  it  tons,  the  affected  area  won!  I  be  limited  to  Apponaug 
Cove  • 

2300  r,FS  DIVERSION  BATE  -  Next „  salinities  acJ  the  <  oliform  group  for  the 
2,300  diversion  rate  were  analyzed.  lor  the  salinities,  the  greatest 
impact  is  experienced  during  spring  tide.  The  significant  area  In  terras 
of  effect  upon  marine  species  lies  within,  the  50  percent  change  contour. 
In  this  range,  the  salinities  will  vary  between  10  to  1  5  parts  per 
thousand  (normal  concentration  of  Greenwich  Bay  varies  between  20  to  33 
parts  per  thousand)-  \  reduction  in  salinity  below  a  value  of  10  parts 
per  thousand  would  physiologically  stress  and  destroy  most  early  life 
stages  of  marine  life.  This  would  result  in  the  loss  of  the  year  class 
for  species  for  about:  10  percent  of  the  Bay,  and  all  of  Apponaug  Cove. 
After  the  diversion  .-eased  to  operate,  t.he  return  time  to  70  to  90 
percent  of  ambient  Unities  throughout  Greenwich  Bay  would  take  two 
tide  cycles  or  about  26  hour9.  At  neap  tide,  the  affected  area  of  the 
50  percent  contour  is  similar,  and  at  the  constant  storm  surge,  the 
affected  area  Is  less  than  0  percent  of  Greenwich  Bay. 


At  the  2,300  cfs  diversion  rate  and  at  peak  impact,  the  area  within 
the  2  percent  contour  for  col i forms  would  consist  i  f  about  50  percent 
of  Greenwich  Bay.  The  duration  of  exposure  for  this  area  to  in¬ 
creased  coliform  bacteria  due  to  the  J. version  would  be  about  40 
hours.  Under  existing  water  quality  conditions,  the  2  percent  of 
input  coliform  bacteria  would  be  equivalent  to  the  presence  of  an 
additional  260  groups  per  100  ml.  With  the  anticipated  improvements 
in  the  sewerage  systems  upstream  of  the  diversion  intake,  this  would 
amount  to  only  ibout  20  groups  per  100  ml.  in  the  time  frame  the 
diversion  would  be  operative. 

14.500  CFS  DIVERSION  RATE— The  final  series  of  analyses  included  the 
diversion  flow  rate  of  up  to  14,500  cfs  into  Apponaug  Cove  and 
Greenwich  Bay.  At  this  rate  the  salinities  in  the  Bay  and  Cove  are 
significantly  affected.  At  the  peak  impact,  which  occurs  during  neap 
tide  conditions,  about  70  percent  of  Greenwich  Bay  would  have  reduced 
salinities  causing  mortality  for  some  adult  species,  and  eliminating 
the  early  life  stages  for  all  marine  species  residing  in  the  Cove  and 
this  portion  of  the.  Bay. 

With  the  diversion  rate,  excess  conforms  would  be  present  in  all  of 
Greenwich  Bay  for  all  tide  conditions. 

Sensitivity  of  the  Mathematical  Model  andBiologica i  .\na lys  s  The 
data  derived  from  the  model  analyses  of  the  various  divot. .ion  flows 
represents  a  worse  possible  situation.  The  model  assumes  single 
layer  mixing  without  stratification.  This  would  differ  from  a  real 
life  estuarine  situation  in  which  saltwater  would  under  lie  the 
freshwater  because  of  its  greater  density. 

Estuarine  organisms  can  tolerate  or  avoid  stress  conditions  created 
by  the  reduced  salinities.  For  example,  clams  such  as  the  quahog  or 
mussel,  tightly  close  their  bivalves  to  avoid  a  noxious  environment. 
Bottom  and  mud  dwelling  species  may  not  experience  the  full  effect  of 
salinity  reduction  since  sediment  salinities  can  remain  high  while 
water  salinities  can  vary  drastically.  Polychaete  worms  and  mud 
dwellers  can  burrow  or  secrete  slimes  to  protect  sensitive  body 
surfaces.  Some  organisms  can  also  osmotically  regulate  their 
internal  salt  balance  while  other  animals  (conformers)  passively 
equilibrate  salt  balance.  The  survival  success  afforded  by  these 
mechanisms  both  physlologi  1  and  mechanical  is  dependent  upon  the 
amount  and  duration  of  exp  ure  to  the  reduced  salinities.  Other 
marine  species,  such  as  the  winter  flounder  would  probably  escape 
harm  by  swimming  out  of  the  stress  areas.  Considering  this 
information,  it  is  predicted  that  the  major  impact  from  salinity 
reduction  will  adversely  at  feet  egg  and  larval  stages  of  marine 
organisms  rather  than  aduLt.  forms. 
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Summary  of  Impacts 


onaug  Co /e  and  Greenwich  B a 


In  App 

Due  to  the  sensitivity  of  the  mathematical  model  and  the  subsequent 
biological  analyses*  actual  numbers  of  species  adversely  affected  by 
salinity  changes  due  to  the  diversion  cannot  be  determined. 

The  total  coliform  group  of  bacteria  does  not  stress  marine  species  as 
do  changes  in  salinity.  Rather,  it  poses  a  potential  public  health 
problem.  When  the  waters  of  any  mart  environment  in  Rhode  Island 
exceed  a  most  probable  number  (MPN)  of  ,'t  ,  the  area  is  closed  to 
shellfishing.  Since  portions  of  Greenwich.  Bay  are  utilized  for 
shellf  idling,  the  operation  of  the  diversion  could  result  in  temporary 
closure  ‘f  some  of  these  areas.  The  critical  parameter  would  be  the 
concentration  of  the  total  coliform  group  of  bacteria  present  in  the 
diverted  floodwater3  of  the  Pawtuxet  River.  The  time  required  from  the 
onset  of  chauges  in  coliform  concentrations  to  complete  recovery  at 
selected  areas  is  summarized  as  follows: 


DIVERSION  EVENT 

(in  days) 

Area  Closed 

200  cf 2,300  cfs 

14,500  cfs 

Apponaug  Cove 

2  7 

6 

5  Percent  of  Bay 

i  6 

j 

15  Percent  of  Bay 

0  4 

:: 

50  Percent  of  Bay 

0  1 

/. 

90  Percent  of  Bay 

0  0 

3 

Actual  concentrations  of  conforms  are  not.  used.  When  •  improvements »  if 
any,  are  made  to  the  water  quality  conditions  upstream  of  the  Natick 
Diversion  intake  works,  these  conditions  will  he  further  reduced. 

At  present,  Apponaug  Cove  is  closed  to  all  sheilfishing  activities.  In 
terms  of  potential  impact  to  the  economy  of  the  area,  as  the  2,300  cfs 
diversion  is  an  event  expected  to  occur  on  the  average  of  once  every  15 
years,  and  the  14,500  cfs  diversion  exceeds  a  hundred  year  diversion 
rate,  a  small  portion  of  Greenwich  Bay  would  be  expected  to  be  closed 
for  only  4  days  every  15  years  due  to  operation  of  the  diversion. 

Freshwater  Flora  and  Fauna  -  As  the  amount  of  above-ground  construction 
at  the  site  of  the  diversion  intake  will  be  confined  to  about  one  acre 
of  land  In  the  vlcinlt  of  existing  Natick  Pond  Dam,  the  impact,  if  any, 
upon  any  freshwater  community  would  be  negligible. 

Water  Pollution  -  With  the  construction  of  the  Natick  Diversion,  there 
will  be  no  appreciable  day-to-day  improvements  in  the  overall  water 
quality  of  the  lower  Pawtuxet  River.  However,  due  to  the  reductions  in 
stages  of  flood  events,  the  three  municipal  treatment  facilities  will  be 


able  to  remain  operative  during  a  hundred  year  flood,  and  only  receive 
minor  damage  at  a  standard  projec:  flood  level.  At  a  yearly  type 
diversion  event,  the  reduction  in  stager,  will  be  such  that  floodwaters 
will  not  inundate  t.ho  sludge  dlsp  ,al  areas  of  any  of  the  three 
treatment  facilities. 

Noise  and  Mr  Pollution  During  the  construction  phase  of  the  Nai lek 
Diversion,  significant  adverse  Impact*;  would  be  likely  to  occur.  A 
prime,  source  of  noise  will  be  the  lai  ten  wheel  dump  trucks  hauling 
rock  spoil  and  other  material  away  from  the  tunnel  to  disposal  areas. 

The  key  impacted  areas  will  bo  along  U.S  1  in  Apponaug,  a  section  of 
Warwick;  Providence  Avenue  (RI  33)  in  Warwick  and  West  Warwick;  Bald 
Hill  Road  (Rt  2),  Elmwood  Avenue  (U.S.  1)  ana  Warwick  Avenue  (RI  117)  in 
Warwick.  Additional  noise  will  be  created  at  the  disposal  si tes.  There 
would  be  about  2  0  truckloads  of  rock  spoil  pev  day  remo'/ed  from  the 
tunnel  during  the  fou'-year  construction  period.  This  would  amount  to 
about  two  trucks  per  hour.  All  of  the  previously  mentioned  roads  are 
heavily  travelled  regularly  by  trucks  of  this  type  and  in  far  greater 
numbers. 

Noise  associated  with  the  tunnel  construction  will  be  minimal.  In 
addition  to  the  truck  traffic  previously  mentioned,  other  sources  of 
noise  would  consist  of  the  rock  hoisting  equipment  at  the  outlet 
structure  (an  area  where  the  nearest  inhabi rated  structure  is  within 
300  to  400  feet),  and  the  noise  during  construction  of  the  above-ground 
portions  of  the  intake  and  outlet  structures.  Although  blasting  will  be 
used  extensively  during  construction  of  the  tunnel  and  shafts, 
construction  methods  including  blasting  techniques  will  not  be  of  the 
magnitude  that  would  adversely  affect  surface  or  near-surface,  in-ground 
improvement.  The  site  of  charges  will  be  so  designed  so  as  not  to 
create  any  shock  waves  or  excessive  noise,  therefore,  the  impact  due  to 
the  blasting  will  be  nonexistent. 

Throughout  the  duration  of  the  construction  activities,  the  air  quality 
will  be  degraded.  This  will  be  attributable  to  fine  particulate  matter 
given  off  by  the  rock  spoil  disposal  and  hoisting  equipment,  the  hauling 
of  the  spoil,  and  the  disposal  at  either  the  local,  protection  project 
sites  or  other  selected  spoil  areas.  Other  factors  which  would  also 
degrade  the  air  quality  would  be  the  diesel  exhaust  emissions  from  the 
earth  moving  equipment.  All  of  these  conditions  will  be  temporary  in 
nature  due  to  the  con  ruction  activities. 

Land  Use  -  As  the  selected  plan  will  provide  a  high  degree  of  flood 
protection  for  the  land  downstream  of  the  intake  structure,  more  land 
will  become  available  for  either  new  development  or  intensification  of 
present  usage.  Consequently,  this  will  increase  the  value  of  the  land 
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and  make  it  more  highly  desirable  for  development.  The  new  growth 
anticipated  as  a  result  of  the  implementation  of  the  selected  plan 
should  conform  with  the  zoning  regulations  of  each  of  the  munici¬ 
palities,  and  as  such,  would  probably  not  be  considered  adverse  with 
respect  to  local  plans. 

At  the  diversion  intake  and  outlet  works,  the  land  acquisition  program 
is  minimal  with  negligible  impact  upon  growth.  The  intake  structure 
involves  onl\  1.80  acres  of  land  to  b-.  inrchased  in  fee  simple  Including 
the  acquisition  of  one  residential  structure.  Although  shout  one  acre  of 
this  land  is  Industrially  zoned,  it  is  currently  vacant  and  partially 
used  for  storing  of  junk  vehicles  and  related  parts,  and  located  within 
the  floodway  fringe  area.  The  remaining  0.80  acreage  consists  mostly  of 
vacant  residential  lots  on  steeply  sloped  land  not  too  conducive  to 
development. 

As  the  outlet  works  will  be  substantially  located  within  the  limits  of 
the  mean  high  water  marks,  an  area  under  State  jurisdiction  as  defined 
by  law,  land  taking  will  be  very  minimal.  It  will  include  about  one 
acre  of  industrially  zoned  land  inclusive  of  a  segment  of  an  existing 
access  road,  a  fisherman's  shack  and  a  wood  timber  bulkhead  sea  wall. 

As  the  current  use  of  required  land,  which  lies  in  a  hurricane  danger 
zone,  is  governed  by  rules  and  regulations  of  the  local  government  and 
also  regulated  by  the  State  Coastal  Resources  Managed e  it  Council  for 
environmental  protection  which  require  buildings  to  be  bu'lt  above  14 
feet,  msl,  land  taking  will  have  negligible  Impact,  upon  potential  growth 
development  of  the  area. 

Aa  the  tunnel  will  be  driven  through  bedrock  at  considerable  depths 
below  ground  surface,  land  taking  in  fee  simple  Is  unnecessary.  However, 
subsurface  easements  on  50  parcels  of  land  including  above-ground 
restrictions  will,  be  required.  These  restrictions  would  include  future 
construction  programs  along  the  tunnel  alignment  that  could  hinder  or 
potentially  damage  the  tunnel.  For  example,  drilling  a  deep  well  to  a 
water  bearing  strata  would  be  prohibitive,  but  construction  of 
above-ground  buildings  including  driven  piles  could  be  granted  with 
Federal  permission. 

Aesthetic  Impacts  The  Natick  Diversion  would  involve  construction  of  a 
new  dam  approximately  200  feet  downstream  from  existing  Natick  Pond  Dam. 
The  river  section  in  t’  f s  reach,  presently  natural  streambed  between 
fairly  steep  banks,  would  be  unchanged  except  during  flood  events. 

During  periods  of  high  flows  the  water  level  would  be  regulated  so  as  to 
allow  excess  Pawtuxet  ^lood  waters  to  pass  over  and  into  the  inlet 
structure  into  the  tunnel,  then  be  on  route  to  Apponaug  Cove. 


Under  normal  flow  conditions,  the  top  of  the  new  (regulating)  darn  would 
be  exposed  by  about  20  feet  above  r.h.*  normal  river  level  and  the  Inlet 
structure  by  about  8  feet.  These  constructed  features  would  represent  a 
further  departure  from  the  natural  state  of  the  river,  and  as  such,  would 
afford  a  negative  visual  impact.  However ,  the  area  presently  affords 
little  visual  access  and  the  existing  visual  quality  Is  not  high. 

At  the  outlet  structure  In  Apponaug  Cove  virtually  everything  Is 
covered  by  water.  The  only  exposed  port'  -  would  be  a  horseshoe  shaped 
wall  partially  enveloping  the  outlet  works  ,id  extending  to  about  12 
feet  above  mean  sea  level;  the  concrete  piers  and  stoplog  structure;  and 
a  maintenance  and  operation  structure  which  would  afford  a  negative 
visual  impact- 

Cultural  and  Historical  Resources  -  A  preliminary  analysis  .'as  conducted 
by  the  Rhode  Island  Historical  Preservation  Commission.  Toe  Commission 
Indicated  that  potential  archaeological  damage  resulting  from 
construction  of  the  diversion  tunnel  Is  difficult  to  assess  at  this 
time.  Though  no  damage  to  known  surface  sites  of  national  interest 
would  result  from  the  tunnel,  there  could  be  disruption  on  the  floor  of 
Apponaug  Harbor.  Due  to  the  possibilities  of  the  harbor  having  past 
archaeological  significance,  the  potential  impact  is  uncertain.  An 
underwater  survey  of  the  area  was  conducted  to  evaluate  its  significance. 
The  results  of  the  study  revealed  nothing  unique  or  of  interest. 

The  tunnel  will  have  no  impact  on  the  marsh  areas  near  Gorton  Pond  as  it 
will  be  constructed  well  below  the  surface  in  this  area.  The  area  of  the 
intake  structure  of  the  diversion  tunnel  will  also  he  surveyed  before 
the  final  impacts  are  prepared  in  the  Environmental  Statement.  The 
structure  is  not  expected  to  have  a  visual  or  physical  impact  on  either 
the  locally  significant  Natick  Mill  Village  District  or  the  Westcctt 
Mill  Housing  District  located  respectively,  in  and  near,  the  vicinity  of 
the  diversion  intake. 


ECONOMIC  EFFECTS 

By  implementation  of  the  selected  plan,  numerous  beneficial  economic 
effects  are  expected  to  occur.  A  key  short-run  effect  will  be  the 
availability  of  Increased  employment  for  many  unskilled  and  semi-skilled 
laborers  during  the  constt  tlon  phase  of  the  project.  The  actual 
number  of  jobs  to  be  create.  at  the  current  time  is  undetermined; 
however,  jobs  in  this  currently  depressed  industry  (20%  for  construction 
trades)  will  be  available  for  3  to  4  years.  In  addition  to  the 
secondary  impacts  generated  through  the  powerful  economic  multiplier, 
this  project  would  provide  an  excellent  stimulus  to  the  State  and  study 
area  economics. 


The  effect  on  long  term  variables  with  the  project  should  be  far 
greater.  Capital,  employment  growth.  Industrial  development, 
water-related  Industrie a  and  recreation.  State  taxes,  land  use  and 
values  will  all  be  positively  impacted.  Recent  changes  in  State  tax 
policies  are  likely  to  have  an  impact  on  the  intensity  and  diversity  of 
industrial  development  as  the  area's  attractiveness  to  industry  changes 
with  respect  to  other  states  of  the  nation.  This  has  lead  to  a  rapid 
industrial  expansion  in  the  past  few  years,  and  it  in  expected  to  occur 
in  the  future.  Much  of  this  development  has  occurred  in  the  flood 
plain. 


Conversely,  by  operation  of  the  diversion,  flood  waters  wj 11  enter 
Apponatig  Cove  and  Creenwich  Bay.  As  the  shellfish  industry  has 
important  socio-economic  effects  on  the  Nan  aganset  t  Bay  area  an 
undetermined  numbs.  of  lost  fishing  days  could  be  possible.  This  is 
determined  by  the  duration  of  time  that  the  coli.form  counts  in  Greenwich 
Bay  exceed  safe  limits. 

Negative  impacts  dee  to  the  construction  of  the  diversion  tunnel  and  its 
appurtenant  structures  ara  minimal.  Some  of  the  noises  will  be  evident 
at  the  intake  and  outlet  struct  r  es,  but  should  be  minor  as  Mv- 
surrounding  area  is  Teas  habit.atcd.  At  the  intake  structure,  Joe  to  the 
construction  sits  being  loated  within  sigh;  rf  the  existing  Providence 
Street  Bridge,  traffic  congestion  may  be  a  pioblec.  due  to  curiosity 
factors  and  increased  activity. 

As  Hie  construction  of  the  tunnel  and  shafts  will  re. * -ire  blasting,  the 
social  impacts  will  ha  determined  by  the  extent  to  which  the  inhabitants 
of  the  area  react  psychologically.  During  a  past  series  of  plan 
formulation  meetings,  several  residents  whose  backyards  would  be 
directly  over  the  tunnel,  although  separated  by  200  feet  of  mainly  rock 
cover,  were  afraid  of  the  ground  collapsing  and  caving  in.  Although 
this  phenomenon  could  not  happen  due  to  the  structural  strength  of  the 
over-burden  rock,  the  psychological  fear  would  probably  remain.  This 
degree  of  unrealistic  uncertainty  has  both,  short  run  and  a  long  term 
effect.  Any  activity  which  undermines  public  confidence  in  the  security 
of  the  area  will  result:  in  reactions  that  may  range  from  organizing  to 
prevent  completion  of  the  project  to  sale  of  property  in  the  area. 

Finally,  construction  of  the  outlet  for  the.  diversion  involves  impacts  on 
recreation  and  businesses  Located  in  Apponaug  Cove  area.  The  impacts  on 
recreation  are  of  tv.’  types:  direct  Interference  with  recreational 
activity  caused  by  .  nstructiou.  in  Apponaug  Cove  itself  and  indirect 
interference  of  th’  use  of  surrounding  land  md/or  water  as  a  result  of 
noise,  dust  and  i  ;s. dated  construction.  Beating,  shell  fishing:  and  use 
of  beaches  are  all  atfected  by  these  considerations.  In  addition, 
traffic  congestion  in  the  central  area  of  Apponaug  will  be  increased 
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during  the  construction  phase.  Since  this  is  already  an  area  of  heavy 
traffic.  Increased  congestion  may  Interfere  with  access  to  businesses  and 
with  commuter  patterns. 

Long  term  impacts  refer  to  the  consequences  of  physical  structures  and  to 
the  developments  in  the  area  that  are  likely  to  be  affected  by  the 
presence  of  the  project.  These  developments  are  generally  large  scale 
changes  that  result  from  the  interaction  between  the  physical  setting  and 
the  social  and  economic  patterns  of  the  ■:  immunities.  Although  these 
changes  cannot  be  specified  as  precisely  as  the  consequences  of  physical 
structures,  they  are  ext-eraely  important  in  gaging  long-term  impacts. 


EFFECT  ON  REGIONAL  DEVELOPMENT 

All  of  the  known  and  investigated  effects  under  this  account  are 
beneficial.  Most  of  these  aspects  have  been  mentioned  earlier  in  terms 

of  creating  other  adverse  or  beneficial  impacts.  The  short  range  impacts 

will  be  limited  to  the  phases  of  construction  which  will  yield  numerous 
jobs  to  the  locally  depressed  construction  trades.  Through  the  multiplier 
effect  more  service  type  jobs  will  also  be  required.  Long  term  effects 
will  be  attributed  to  the  fact  that  as  existing  flood-prone  lands  are  now 
substantially  free,  industry  is  likely  to  expand,  again  resulting  In  more 
permanent  type  job  opportunities.  As  more  jobs  become  available,  more 
people  are  likely  to  move  into  the  area  to  be  near  their  place  of 

employment.  This  will  necessitate  more  construction  of  homes  and  also, 

through  the  multiplier,  more  service  type  jobs.  As  residential  areas, 
previously  flood-prone,  are  now  dry,  improvements  can  be  made  to  an  older 
home  without  fear  of  losing  the  initial  investment.  This  will  result  in 
a  more  desirable  type  of  community  to  live  in  and  make  the  community 
cohesion  even  greater. 
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WARWICK  AVENUE  LOCAL  PROTECTION  PROJECT 


Protection  of  this  area  would  begin  along  a  high  ridge  located  on  the 
southerly  bank  of  the  Pawtuxet  River  about  .2  miles  upstream  from  the 
Pawtuxet  Dam.  It  would  run  approximately  parallel  to  the  present  river 
channel  and  tie  into  an  escarpment  at  river  mile  1.5  or  .4  miles  west  of 
Warwick  Avenue.  Approximately  900  feet  of  channel  realignment-  would  be 
required  to  eliminate  a  meandering  oxbow.  Approximately  6100  feet  of 
walls  &  dikes,  two  vehicular  gates  ar.  1  one  stoplog  structure  would  be 
required  to  protect  this  area. 

Various  heights  of  protection  have  been  investigated  throughout  this  study 
effort..  The  currently  envisioned  project  would  be  built  in  conjunction 
with  flood  control  storage  at  Big  River  Reservoir.  If  Big  River  Reservoir 
is  not  built,  the  protection  project's  design  flood  would  have  to  be 
increased  by  an  average  of  2  feet.  Appropriate  plan,  profiles  and 
sectional  views  of  the  Warwick  Avenue  Local  Lrotection  Project  are  shown 
in  the  supplemental  hydrology  report  on  plates  6,  7,  and  8.  An  artist 
rendition  of  this  local  protection  is  shown  on  the  following  page.  Plate 
4-4  illustrate.s  the  existing  soil  profile.  Costs  and  benefits  for  this 
protection  project  are  shown  in  Appendix  7. 

This  proposed  projec  t  is  designated  to  provide  protect  ron  in  accordance 
with  the  governing  criteria  establishing  the  Standard  Project  Flood  level 
as  an  appropriate  level  for  urban  areas  as  long  as  e.  ff-c  benefits  exist. 
Maximum  velocities  moat  likely  to  occur  in  the  rivet  channel  along  the 
protection  project  would  range  from  6  to  8  feet  per  second.  For  specific 
details  on  design,  free  board,  velocities  and  interior  drainage  design, 
see  pages  7  through  11  of  the  supplemental  hydrology  report  included  in 
this  chapter. 

Geological  Features. 

Reconnaissance  of  the  site,  together  with  pertinent  soil  information 
obtained  from  local  construction  projects,  geologic  maps  and  supplemented 
by  14  subsurface  explorations  provided  the  supporting  data  for  this 
project. 

Based  on  foundation  conditions  and  the  ready  availability  of  large 
deposits  of  glacial  till,  sand  and  gravel,  and  suit  .ble  rock  from 
commercial  and  undeveloped  sources,  an  earth  fill  embankment  with  an 
inclined  impervious  •  ,-epage  barrier  has  been  selected  for  dike  design. 

All  dikes  would  have  a  top  width  of  12  Feet  with  vertical  on  horizontal 
slopes  of  1.0  on  2.5  for  the  riverside  area,  1.0  on  2.0  for  landside.  the 
dike  slopes  would  be  protected  against  erosion  with  protection  stone  on 
the  riverside  slope  and  grass  cover  on  the  landside.  Foundation  seepage 
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would  be  controlled  through  a  toe  drain  with  a  collector  pipe  at  the 
landside  toe  of  the  drain.  For  the  lower  section,  easterly  of  Warwick 
Avenue,  berms,  as  shown  on  Plate.  8  of  the  supplemental  hydrology  report 
would  be  provided  along  the  embankment  to  counterbalance  shearing  action 
along  a  zone  of  peat  and  organic  silt. 

Unsuitable  foundation  materials  within  limits  of  the  structures,  including 
topsoil  would  be  removed  and  where  practical,  would  be  utilized  either  as 
landfill  for  reshaping  low-lying  areas  behind  the  protective  works  or 
disposed  of  appropriately. 

The  concrete  floodwalls  would  generally  consist  of  L  and  T  walls,  both 
having  reinforcing  steel  and  employed  for  excessive  heights,  with  the 
former  being  utilized  in  conjunction  with  constrictive  horizontal 
clearances.  Deviation  from  this  standard  would  involve  a  short  section  of 
all  transition  concrete  walls  which  would  be  extensions  of  specified  walls 
tying  into  the  dikes  or  dikes  wrapping  around  the  walls  to  reduce  emerging 
seepage.  Typical  sections  and  details  of  walls  are  shown  on  plates  7  and 
8  of  the  supplemental  hydrology  report. 

The  concrete  structures  will  bear  on  a  thin  layer  of  natural  sandy  soil 
overlying  inorganic  silt  deposits  or  directly  on  the  silt  deposit. 
Settlement  will  be  practically  instantaneous  and  should  be  negligible. 
Foundation  seepage  will  be  controlled  by  a  zone  of  sand  fill  on  the 
landside  of  the  structure. 

The  earth  dikes  and  concrete  walls,  measured  along  the  centerline  axis, 
would  average  about  12  to  16  feet  in  height  for  the  Warwick  Avenue  section, 
as  viewed  from  the  river,  the  project  would  be  about  19  feet  above  normal 
water  surface,  or  14  feet  above  original  ground.  Where  feasible,  there 
would  be  a  minimum  20-foot  buffer  zone  between  the  edge  of  the  river  and 
the  toe  of  the  protective  works  allowing  present  natural  environment  to 
remain. 

Three  movable  closures  would  be  required.  Two  would  consist  of  steel 
vehicular  hinged  gages  for  the  Ciba-Geigy  pedestrian  bridge  and  the 
combination  railroad  and  highway  bridge.  A  stoplog  structure  would  be 
required  at  Warwick  Avenue. 

Excavations  in  the  project  area  would  be  generally  shaJ low  consisting  of 
the  upper  flood  deposits  of  silty  fine  sand  and  stripping  materials.  The 
quantity  of  pervious  material  obtained  from  the  required  excavation  would 
be  small  and  mainly  from  the  toe  drain  excavations  or  from  the  channel 
improvement. 

Construction  Materials 


Potential  sources  of  earth  mate  uls  would  be  from  off-site  sources. 
Glacial  till  suitable  for  construction  of  impervious  fills  is  currently 


4-40 


available  in  sufficient  quantity  from  undeveloped  areas  within  a  IS  to  20 
mile  radius.  Bank-run  sard  mv]  gravel  for  construction  of  pervious  j  ills, 
gravel  heading,  and  drainage  fills  are  available  from  commercial  sources 
within  5  to  10  miles. 

Quarried  rock  for  protection  stone  may  be  produced  by  an  operating  quarry. 
Located  within  10  miles  of  the  project  area.  Several  conmercial  sources  of 
crushed  quo  ~~  stone,  sand  and  g:  are! ,  and  ready-mix  concrete  are  T.o<  a  ted  in 
the  Providence  area  within  a  15-20  mi;  ■  radius  of  the  project  area.  A 
producer  of  aggregate  for  concrete  as  i.u'  1  as  ready-mix  concrete-  is  within 
only  a  nr;  miles  of  the  project  Location  area. 

Real  Estate  Acquisition 

Cost  estimates  for  real  estate  acquisition  in  conjunction  wi rh  the  project 
proposal  were  evaluated,  on  comparable  data  of  recent  s  vvs  of  residential, 
commercial  an!  Indus?  .•let  properties  wi  the  entire  project  area.  A 

thorough  sear  ill  of  records  In  the  communities  to  obtain  names  and  addresses 
of  affected  owners,  in  addition  to  in ter views  with  appraisers,  real  estate 
brokers,  local  officials,  and  know!  age  at.1  e  people  for  obtaining  and 
substantiating  data  and  value  estimates  were  conducted.  Tire  real  estate 
estimates,  aa  developed  by  the  in ventilation,  represents  an  unbiased 
judgment  of  the  preterit  fair  market  value  of  affected  properties  within  the 
project  area. 

Total  land  acreage  affec  ted  by  local  protective  v/n,.'.  vv  id  consist:  of  27.1 
acres  of  iand  to  be  purchased  in  simple:  fee,  in  addition  to  about  JO  acres 
of  temporary  easements  for  general  work  areas  I t. eluding  space  for  minimal 
stock-filling  of  materials  durng  construction,  the  later  all  located  in 
Warwick.  The-  temporary  casements  would  provide  space  for  the  st  oraf  o.  of 
materials,  equipment  rad  contractor's  work,  area  during  construct  ion. 

Required  acreage  has  teen  selected  at  ownerships  that  arc  unimproved  lands 
but  still  contiguous  to  the  proposed  permanent  easement  areas.  Cost  of 
temporary  easement  are  predicated  upon  a  fair  return  of  invested  capital 
(fair  market  value.)  and  a  provision  for  estimated  economic  tax  for  the  use 
of  the  land  during  the  construction  period.  These  easements  have  keen 
estimated  at  $55,000. 

Actual  relocation  of  structures  associated  with  project  proposal  would 
involve  an  industrially  owned  corrugated  metal  shed  building  having  3,000 
square  feet  of  floor  so  ace  and  located  in  the  lower  reaches  of  the  Warwick 
Avenue  area.  The.  str;<  ure  could  be  moved  back  on  the  same  property  away 
from  the  protective  works. 

The  highest  and  best  use  or  the  required  land  for  the  local  protective 
works  is  its  present  use.  In  the  Warwick  Avenue  area  current  land  use  is 
mostly  commercial  and  industrial.  However,  the  portion  which  encompasses 
the  protective  works  area  is  low  and  wet  with  sparsely  tree-shaded  areas 
along  the  riverbank.  As  the  project  area  comprises  mostly  riverbank,  it 
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is  neither  economically  nor  physically  leasi  hie  for  building  purposes. 

Other  deterrents  are  the  State  Coastal  Resources  Management  Commission  and 
the  local  zoning  boards  reg  :1-st  i ans  governing  the  use  of  any  land  In  close 
proximity  to  existing  waterways. 

As  tabulated  in  the  Table  below,  the  land  and  water  areas  to  be  purchased  in 
fee  in  Cranston  (8.60  acres)  would  involve  contiguous  parcels  associated 
with  the  1,000  foot  channel  realignment  located  easterly  of  Warwick  Avenue. 
The  present  centerline  of  the  Pawtuxet  River  in  this  area  in  question  is  the 
city  boundary  between  Cranston  and  Warwick.  The  present  river  channel  is 
slated  to  be  filled  in  with  approximately  5. 4  acres  of  land  to  be  reclaimed. 
Of  this  useable  land  about  3.2  acres  (excluding  the  area  of  dike  embankment 
and  20  foot  buffer  zone  nehind  the  dike)  would  be  in  Cranston  and  the 
remaining  2.2  acres  in  Warwick.  The  estimated  value  of  all  the  land  is 
$120,000. 


LAND  AND  DAMAGES 

(Land  in  Fee /Permanent  Easements) 


Acres 


By  Category/ 
Community 

Commercial 

Industrial 

Residential 

Public 

Water  * 
Area 

Total 

WARWICK 

3.5 

10.7 

0.8 

— 

3-  50 

18.50 

CRANSTON 

— 

— 

— 

6.30 

2.30 

8.60 

TOTAL 

3.5 

10.7 

0.8 

6.3 

5.80 

27.  10 

1  Represents  water  area  required  either  tor  project  alignment 
or  for  operation  and  maintenance  requirements. 


As  the  project  upon  Its  completion  would  be  turned  over  to  non-Federal 
interests,  disposal  of  reclaimed  land  would  be  an  unimpaired  local 
responsibility.  in  this  instance,  all  three  parties  involved;  namely,  the 
State  and  the  cities  of  Cranston  and  Warwick  would  have  to  mutually  agree 
on  its  disposal.  At  this  time,  disposition  of  reclaimed  land  should 
be  held  in  abeyance  until  the  project  becomes  authorized  by  Congress  with 
subsequent  funding  for  the  final  design  stage. 

The  local  protective  works  would  not  interfere  with  the  water  requirements 
of  any  industrial  facilities  nor  result  in  the  loss  of  existing  water 
rights. 

Severance  damages,  an  appraisal  method  reflecting  actual  value  losses 
incurred  with  partial  land  acquisition  would  have  an  insignificant  value 
for  the  Warwick  Avenue  area.  For  example,  land  to  be  acquired  Is  low  and 
primarily  marshland,  unsuitable  r  any  type  of  improvement.  It  has 
little  economic  value  and  hardly  any  significant  effect  on  the  value  of 
the  remaining  land.  One  accessory  building  is  within  the  project  area  and 
will  be  removed.  Hence,  severance  damages  have  not  been  included. 
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Acquisition  costs  which  Include  mapping  and  surveys,  legal  description, 
title  evidence,  appraisal  negotiations  and  closings,  and  administration 
costs  for  possible  condemnation  and  relocation  will  affect  12  ownerships 
at  a  total  estimated  cost  of  $40,000.  These  12  ownerships  consist  of  all 
vacant  tracts  of  land. 

In  accordance  with  Public  Law  91-646,  the  Uniform  Relocation  Assistance 
Act  of  1970  provides  for  uniform  and  equitable  treatment  of  persons 
displaced  from  their  homes,  businesses  <>r  lands  by  a  Federally-assisted 
program,  to  cover  possible  reimbursable  expenses  which  may  he  incurred  in 
the  acquisition  program  involving  the  12  unimproved  ownerships.  The  cost 
for  relocation  assistance  is  $4,000. 

To  provide  for  possible  appreciation  of  property  values  from  the  time  of 
this  acquisition  date,  for  possible  minor  property  line  adjustments  or 
for  additional  Hidden  ownerships  which  may  be  developed  by  refinement  of 
taking  lines,  for  adverse  condemnation  awards  .and  to  allow  for  practical 
and  realistic  negotiations,  a  contingency  allowance  of  20  percent  has  been 
considered  to  be  reasonably  adequate. 

Total  costs  of  lands  and  damages  involving  lands  in  fee  and  improvements, 
permanent  and  temporary  construction  easements,  relocation  assistance  and 
acquisition  costs  including  contingencies  for  possible  appreciation  of 
property  value  updated  to  present  values,  are  estimated  a*-  $300,000. 

These  costs  are  summarized  in  the  following  table,  by  category,  and  in  a 
manner  as  to  differentiate  between  Federal  and  non-Fcdera!  costs.  As 
mandated  by  law,  the  costs  of  land  and  damages  for  the  local  protective 
works  of  the  Warwick  Avenue  area,  amounting  to  about  $300,000  would  be 
borne  by  local  interests. 

LANDS  AND  DAMAGES 
TOTAL  COSTS 

Warwick  Avenue  Local 

Protection  Works 


Lands  and  Improvements  $120,000 

(Fee /Permanent  Easement) 

Temporary  Construction  Easements  5b, 000 

Acquisition  Costs  40,000 

Relocation  Assistance  Costs  4,000 

Contingencies  44,000 

TOTAL  LANDS  AND  DAMAGES  COSTS  263,000 

updated  to  Dec  78  27 ,000 


$290,000 


The  right  9-0 f-way  lands  (i  .eluded  in  lands  and  damages  costs)  can  be 
defined  as  an  area  generally  running  parallel  to  project  alignment  with 
horizontal  landward  distance,  measures  from  rear  of  walls  or  heel  of 
dikes  (landside  toe)  giving  minimum  widths  varying  from  15  feet  (due  to 
building  constrictions)  to  20  feet.  The  protective  works  would  be  offset 
a  distance  of  20  feet,  wherever  possible,  from  the  river's  edge  for 
preserving  the  natural  environment.  The  rights-of-way  would  also 
Include  lands  within  this  buffer  zone.  These  rights-of-way  would  also 
extend  the  entire  length  of  the  project  including  the  peripheral  land 
areas  around  the  pumping  station,  land  paralleling  the  pressure  conduit 
and  land  area  of  the  river  oxbow.  As  this  latter  area  would  involve 
reclaimed  land,  final  land  disposition  would  be  held  in  abeyance  for 
final  design  stage,  as  would  disposition  of  partial  parcels  of  lands 
acquired  as  severance  damage  in  order  to  comply  ; th  zoning  regulations. 
Under  no  circumstances  would  the  final  right  s-o  i-way  in  these  areas  be 
less  than  the  prescribed  20  foot  buffer  zone  strip. 

Exclusive  of  the  land  adjoining  Warwick  Avenue,  all  rights-of-way  lands, 
though  industrially  zoned,  are  not  economically  or  physically  feasible 
for  building  purposes,  as  they  comprise  mostly  riverbank  with  zoning 
regulations  discouraging  or  prohibiting  its  development.  As  the 
commercial  land  along  Warwick  Avenue  is  currently  developed,  the  required 
rights-of-way  land  would  also  have  insignificant  effects  on  its  present 
use.  As  access  to  the  area  for  operation  and  maintenance  function  can  be 
provided  via  public  ways,  additional  rights-of-way  lands  are  considered 
unessential  at  this  time. 

Relocation  or  Modification 

The  center  of  the  1‘awtuxet.  River  is  the  city  boundary  between  Cranston  and 
Warwick  project  area.  Relocation  or  modification  of  public  utilities, 
such  as  power,  telephone  and  gas  lines  would  be  minimal.  Other  modifica¬ 
tions  of  public  utilities  would  involve  underground  conduits  in  conjunc¬ 
tion  with  the  stoplog  barrier  and  concrete  floodwall.s  adjoining  Warwick 
Avenue.  This  modification  is  considered  minute  as  it  can  be  simultane¬ 
ously  phased  in  with  construction  of  the  structural  components  at  a 
negligible  cost.  Relocation  or  modification  of  private  utilities  would 
be  associated  with  the  Geigy  industrial  complex,  involving  a  pedestrian 
bridge  and  a  combination  railroad  and  vehicular  bridge  and  a  sewer 
trestle  crossing.  Modification  of  utilities  at  these  locations  would 
also  be  considered  negligible  as  they  would  be  simultaneously  modified  in 
conjunction  with  the  construction  of  the  protective  works. 


Although  the  lands  contiguous  to  the  project  area  are  serviced  by  public 
and  private  roads,  relocation  or  modification  of  access  roads  would  be 
minimal. 

As  mandated  by  law,  cost  contribution  required  of  local  interests  In 
conjunction  with  reloction  or  modification  features  would  be  confined  to 
that  portion  of  the  project  Involving  local  protective  works  for  the 
Warwick  Avenue  area.  These  cost  contributions  are  currently  considered 
minor  and  adequately  covered  under  the  contingency  Items  of  land  and 
damages.  Further  detailed  evaluation  would  be  made  during  final  design 
stage. 

Loss  of  Taxes 


Discussions  with  local  assessors  and  a  review  of  the  community  records 
indicate  the  tax  loss  on  fee  simple  taking,  as  a  result  of  the  project, 
would  be  negligible. 

Construction  Period 


It  is  envisioned  that  the  protective  works  could  be  satisfactorily 
accomplished  within  an  intermediate  frame  of  3  years. 

Operation  and  Maintenance 

As  the  city  of  Warwick  would  be  the  single  recipient  of  the  benefits  from 
the  protective  works,  it  would  be  responsible  for  its  maintenance  and 
operation.  These  functions  would  be  limited  to  the  normal  upkeep  of  the 
dikes  and  walls  including  the  remaining  project  areas,  the  pressure  con¬ 
duit  and  gravity  gated  outlets  and  operation  of  the  pumping  station,  all 
in  accordance  with  prescribed  regulations  established  by  the  Secretary  of 
the  Army.  Thes;:  local  costs  have  been  estimated  to  be  about  $10,000 
annually. 

Major  Replacements 

This  would  include  an  allowance  for  project  items  deemed  to  have  a  usable 
life  less  than  that  of  the  project.  Major  items  considered  within  this 
purview  included  gates  of  gravity  outlets  and  pumps  at  pumping  stations 
including  electrical  and  mechanical  features.  From  previous  experience 
with  similar  projects,  it  is  assumed  that,  on  the  average,  major  replace¬ 
ments  would  occur  every  25  years  and  90  percent  of  these  replacement 
Items  would  be  required.  These  are  estimated  to  be  less  than  $5,000  for 
the  local  protective  works. 
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Beautification  and  Recreation 


The  plan  would  insure  that  nil  project  components  be  as  visually 
acceptable  as  possible  with  inclusion  of  beautification  and  landscaping 
measures  being  an  integral  part  of  the  selected  plan.  Special 
attention  would  be  afforded  for  specific  project  components  as  follows: 

It  is  proposed  that  all  areas  paralleling  the  dikes  and  walls  on  the 
landward  side  be  landscaped,  where  practical,  for  harmonious  blending 
with  the  area.  The  pumping  stations  and  all  retaining  walls  would  be 
designed  primarily  according  to  the  practical  demands  of  the  project  with 
attention  directed  to  aesthetic  details  to  provide  architectural 
compatibility  with  surrounding  area  particularly  in  light  of  the  urban 
environment.  In  the  immediate  vicinity  of  the  pumping  stations  planting 
of  shrubs  and  trees  would  be  considered  for  screening  these  facilities. 

Consideration  was  also  given  to  the  possibility  that  certain  areas  along 
the  project  could  be  developed  for  limited  public  use  activities.  Such  a 
suggestion  was  advanced  by  the  Pawtuxet  River  Authority  for  the  easterly 
side  of  the  Warwick  Avenue  area.  This  would  have  included  a  pedestrian 
walk/bikeway  beginning  at  Warwick  Avenue,  running  along  and/or  parallel 
to  the  project  and  terminating  at  an  arterial  street  on  the  east. 

Detailed  items  for  enhancing  the  recreational  uses  of  the  neighborhood 
would  have  included  benches,  small  fishing  piers,  picnic  tables  with 
trash  barrels,  to  name  a  few.  Another  suggestion  would  include  a  river 
crossing  from  Warwick  to  land  currently  owned  by  the  State  in  Cranston 
with  subsequent  recreational  expansion  of  that  existing  State  land.  Such 
a  suggestion  does  not  appear  possible. 

The  benefits  and  costs  of  the  Warwick  Local  protection  are  discussed  in 
Appendix  7. 

EFFECTS  OF  THE  WARWICK  LOCAL  PROTECTION  ON  FLOOD  DAMAGES 

The  area  protected  by  the  Warwick  local  protective  works  would  amount  to 
about  190  acres.  An  artist's  rendition  of  this  local  protective  works 
with  the  new  flood  free  area  follows  this  page.  This  system  of  walls  and 
dikes  would  cause  some  loss  in  natural  valley  storage  with  a  subsequent 
slight  increase  in  river  stages  on  the  opposite  bank  in  Cranston,  how¬ 
ever,  this  increase  would  be  more  than  compensated  for  by  the  reduction 
in  flood  stages  produced  by  Big  River  Reservoir. 

During  a  flood  emergency  all  previously  flood  prone  structures  now  pro¬ 
tected  by  this  project  could  continue  performing  their  normal  daily 
routine  without  any  major  change.  The  only  exception  would  be  on  the 
occurrence  of  an  extremely  rare  event  where  access  to  Ciba  Geigy  to  and 
from  the  Cranston  side  would  be  prohibited  due  to  the  gate  closures. 
However,  in  this  type  of  occurrence,  much  of  the  firm's  Cranston  property 
would  be  inundated  resulting  in  probable  plant  shut-down.  Warwick 
Avenue  may  also  have  to  be  closed  off  by  the  stoplog  structures  if  the 
event  was  extremely  rare.  The  distance  traveled  due  to  these  temporary 
detours  would  probably  not  exceed  6  miles. 
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EFFECTS  ON  THE  ENVIRONMENT 

Freshwater  Flora  and  Fauna  -  The  :u>3t  significant:  Impact  upon  aquatic 
biology  will  be  created  by  the  elimination  of  a  constrictive  oxbow 
located  in  the  lower  reaches  of  the  Warwick  local  protection  project. 
Approximately  1,000  feet  of  new  channel  will  he  constructed  with  about 
2,000  feet  of  old  river  channel  eliminated.  This  channel  realignment 
will  result  In  the  loss  of  about  6.3  acres  of  vegetated  land,  which 
probably  supports  small  amounts  or  such  mammals  as  moles,  muskrats, 
racoons,  cottontail  rabbits,  squirrels,  woodchucks,  mice  and  skunks. 

The  vegetatlonal  community  for  both  areas  consists  of  wooded  3wamp 
species  such  as  red  maple,  red  ash,  aspen  and  swamp  white  oak,  with  high 
bush  blueberry,  sweat  laurel,  dogwood,  alder  and  willow.  Various  grasses 
and  sedges  along  with  ferns  and  mosses  form  the  ground  cover.  Groups  of 
skunk  cabbage  and  cowslips  ate  also  present.  A  total  land  requirement  of 
about  27. 1  acres  will  be  necessary  for  the  construction  of  the  local 
protection  project.  Less  than  50  percent  of  the  land  has  limited  if  any, 
significant  vegetatlonal  community.  Where  possible,  the  earth-rock  fill 
dikes  and  concrete  flood  walls  will  be  offset  about  20  feet  from  the  edge 
of  the  existing  river  bank.  This  will  help  re-establish  any  vegetatlonal 
or  animal  life  that  is  displaced  during  construction  activities. 

Water  Pollution  -  With  the  construction  of  the  Warwick  local  protection 
project,  there  will  he  no  appreciable  day  to  day  improvements  in  the 
overall  water  quality  of  the  lower  Pawtuxet  River. 

Noise  and  Air  Pollution  -  l'uring  the  construction  phase  of  the  Warwick 
local  protection  project  significant  adverse  impacts  would  likely  occur. 

A  prime  source  of  noise  will  be  the  large  ten  wheel  dump  trucks  hauling 
material  to  the  project  site  or  away  to  dispose!  areas.  The  key 
impacted  areas  will  be  along  Warwick  Avenue  (RV.  117)  in  Warwick. 

This  road  is  travelled  regularly  by  heavy  trucks  and  in  far  greater 
numbers.  Additional  noise  will  be  evident  where  earth  moving  type 
equipment  will  be  predominant.  Numerous  structures  are  located  adjacent 
to  the  proposed  walls  and  dikes.  Although  Federal  noise  standards  for 
urban  areas  should  help  eliminate  most  of  the  harmful  aspects  of  noise, 
there  will  still  be  a  significant  inconvenience  created.  The  increased 
noise  and  possible  traffic  congestion  at  the  construction  site  could 
result  in  a  temporary  loss  of  business  for  some  of  the  merchants  in  the 
local  area.  Similarly,  the  residential  homes  will  also  feel  the 
discomfort  of  the  incr  *  Jed  noise  activities. 

Throughout  the  duration  of  the  construction  activities,  the  air  quality 
will  be  degraded.  This  will  be  attributable  to  the  hauling  of  the  spoil, 
and  the  disposal  at  eLther  the  local  protection  project  site  or  other 
selected  spoil  areas.  Other  factors  which  would  al.3c  degrade  the  air 
quality  would  be  the  deisel  exhaust  emissions  from  the  earth  moving 
equipment  and  hauling  equipment,  and  the  dust  particles  crt3ted  by  this 
equipment.  All  of  these  conditions  will  be  temporary  in  nature  due  to 
the  construction  activities. 
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Land  Use  -  As  the  selected  plan  will  provide  a  high  degree  of  flood 
protection  for  the  areas  within  the  Warwick  local  protection  project  all 
lands  would  now  be  flood  free  from  events  equalling  a  standard  project 
flood  level.  Consequently,  this  will  increase  the  value  of  the  land  and 
make  it  more  highly  desirable  for  development.  The  new  growth  antici¬ 
pated  as  a  result  of  the  implementation  of  the  selected  plan  should 
conform  with  the  zoning  regulations  of  the  municipality,  and  as  such, 
would  probably  not  be  considered  adverse  with  respect  to  local  plans. 

The  specific  impacts  of  each  segment  of  the  selected  plan  with  respect  to 
land  usage  is  discussed  as  follows: 

Approximately  27. 10  acres  of  land  will  be  required  for  the  Warwick  local 
protection  project.  Most  of  the  land  required  for  the  Warwick  Avenue 
area  is  industrially  and  commercially  zoned;  !ut  because  most  of  it  is 
low,  frequently  wet  and  located  next  to  the  riverbank,  its  acquisition 
should  pose  no  constraints  to  development  of  other  vacant  land  adjacent 
tot  he  project.  Where  there  is  limited  clearance  between  the  edge  of  the 
river  and  the  protective  works,  concrete  flood  walls  are  used  in  lieu  of 
the  earth-rock  filled  dikes,  resulting  in  significantly  less  land  takings 
and  reloctaion  of  structures. 

A  small  portion  of  land  acquisition  at  the  constrictive  oxbow,  totalling 
about  8.60  ores  and  located  entirely  in  Cranston,  involves  part  of  the 
Pawtuxet  Reservation  currently  owned  by  the  State  of  Rhode  Island.  As 
this  segment  of  land  has  limited  recreational  use,  consisting  principally 
of  several  trails  used  mainly  as  passageways  leading  to  a  baseball  field 
from  Warwick  Avenue,  Its  severance  should  have  a  negligible  impact  on  the 
remaining  recreational  land. 

Aesthetic  Impacts  -  The  primary  impact  of  the  selected  plan  would  be  the 
appearance  of  the  walls  and  dikes  at  the  Warwick  local  protection  project 
with  the  obstruction  of  views  they  would  cause.  As  the  area  is  charac¬ 
terized  by  moderate  to  heavy  commercial  and  industrial  usage,  it  is 
unlikely  that  the  presence  of  a  dike  along  this  section  of  the  river 
would  be  detrimental  in  terms  of  aesthetics  or  obstruction  of  views. 

Cultural  and  Historical  Resources  -  According  to  a  preliminary  analysis 
conducted  by  the  Rhode  Island  Historical  Preservation  Commission,  the 
Warwick  local  protection  project  would  not  have  an  impact  on  historically 
or  archeologically  significant  properties. 

Recreational  Resources  -  The  selected  plan  will  have  little  or  no  overall 
Impact  on  existing  recreational  resources  within  the  study  area.  The 
plan.  If  implemented,  would  help  prevent  flooding  for  nearly  all  of  the 
lands  which  currently  offer  recreational  amenities.  The  plan  would 
affect  the  amount  of  potential  recreational  lands  in  the  project  area. 
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As  the  Warwick  Avenue  portion  of  the  local  protection  project  would 
eliminate  the  oxbow  In  the  existing  river,  a  small  amount  of  recreational 
land  would  be  lost.  In  terms  of  total  recreation  resources  In  the  area, 
however,  this  loss  is  of  minor  significance. 

ECONOMIC  EFFECTS 

By  Implementation  of  the  selected  plan,  numerous  beneficial  economic 
effects  are  expected  to  occur.  A  key  short-run  effect  will  be  the 
availability  of  increased  employment  j.  •  many  unskilled  and  semi-skilled 
laborers  during  the  construction  phase  ct  the  project.  The  actual  number 
of  Jobs  to  be  created  at  the  current  tlm~  is  undetermined, however,  jobs 
in  this  currently  depressed  industry  (2QZ  for  construction  trades)  will  be 
available  for  years.  In  addition  to  the  secondary  impacts  generated 
through  the  powerful  economic  multiplier,  this  project  would  provide  an 
excellent  stimulus  to  the  'It ate  and  study  area  economics. 

The  effect  on  long  car.a  variables  with  the  project  should  be  far  greater. 
Capital,  employment  growth,  industrial  development,  water-related 
industries  and  recreation,  State  taxes,  and  land  use  and  values  will  all 
be  positively  impacted.  Reuen'  changes  in  State  tax  policies  are* likely 
to  have  an  impact  on  the  intensity  and  diversity  of  industrial  develop¬ 
ment  as  the  area's  attractiveness  to  industry  changes  with  respect  to 
other  States  of  the  nation,  This  has  lead  to  a  rapid  industrial 
expansion  in  the  past  few  years,  and  it  is  expected  to  i-'cur  in  the 
future.  Some  of  this  development  has  occurred  in  the  rl ood  plain. 

EFFECTS  ON  SOCIAL  WELL-BEING 

In  the  short  run,  traffic,  noise  and  dust  will  all  be  significant  ef¬ 
fects.  Each  of  the  communities  in  the  impact  area  may  be  affected  by 
these  in  different  ways.  For  the  local  protection  project,  the  impact  of 
construction  on  traffic  is  important  as  it  borders  a  major  highway.  The 
construction  of  flood  gates  on  Warwick  Avenue  may  increase  traffic  dis¬ 
turbance  for  a  short  period  of  time.  The  impact  of  the  total  construc¬ 
tion  activities  on  business  could  be  significant,  where  increased 
construction  activities  could  induce  the  public  to  shop  elsewhere. 

EFFECT  ON  REGIONAL  DEVELOPMENT 

All  of  the  known  and  investigated  effects  under  this  account  are 
beneficial.  Most  of  '  > ose  aspects  have  been  mentioned  earlier  in  terms 
of  creating  other  adve  ;e  or  beneficial  impacts.  The  short  range  Impacts 
will  be  limited  to  the  phases  of  construction  which  will  yield  numerous 
jobs  t6  the  locally  depressed  construction  trades.  Through  the  multi¬ 
plier  effect  more  service-type  jobs  will  also  be  required.  Long  term 
effects  will  be  attributed  to  the  fact  that  as  some  existing  flood 
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prone  lands  will  now  be  substantially  flood- free,  industry  is  likely 
to  expand,  again  resulting  in  more  permanent  type  job  opportunities. 
As  more  jobs  become  available,  more  people  are  likely  to  move  into 
the  area  to  be  near  their  place  of  employment.  This  will  neces¬ 
sitate  more  construction  of  homes  and  also,  through  the  multiplier, 
more  service  type  jobs.  As  residential  areas,  previously  flood 
prone,  are  now  dry,  improvements  can  be  made  to  an  older  home 
without  fear  of  losing  the  initial  investment.  This  will  result  in  a 
more  desirable  type  of  community  to  live  in  and  make  the  community 
cohesion  even  greater. 
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ELMWOOD  AVENUE  LOCAL  PROTECTION 

This  project  would  consist  of  a  system  of  walls  and  dikes.  It 
would  start  at  river  mile  1.9  on  the  right  bank  in  Warwick  and  be 
approximately  600  feet  inland  due  to  lack  of  high  ground.  The 
dike  would  proceed  in  .j  northeasterly  direction  running  parallel 
with  the  river  around  the  Norwood-Belmont  peninsula,  the  reverse 
direction  to  the  was‘3  cross  Elmwood  Avenue,  and  then  tie  into 
high  ground  behind  the  present  site  o.l  the  American  Lumber 
Company  Tt  would  terminate  about  1200  feet  southwesterly  of 
Elmwood  Avenue.  An  artists  rendition  of  this  project  follows. 

For  plan,  profile  and  typical  sections  of  this  area,  see  Plates 
10  and  i l  of  the  supplemental  hydrology  report. 

As  tin*  project  protects  .residential  homes  in  a  highly  urban  area, 
current  guidelines  call  for  the  design  of  the  structure  to  be 
baaed  on  the  Standard  Project  Flood.  Numerous  cost  estimates,  all 
based  upon  different  design  levels  and/or  conditions,  have  been 
made  throughout  the  conduct  of  this  study.  The  most  recent  is 
based  upon  the  Standard  Project  Flood  as  modified  by  Big  River 
Reservoir.  For  particulars  on  the  design  discharge,  profiles, 
velocities,  height  of  protection  and  interior  drainage,  see  the 
supplemental  hydrology  report,  pages  11,  12  and  13. 

Based  on  foundation  conditions,  and  the  ready  availability  of 
large  deposits  of  glacial  till,  sand  and  gravel,  and  suitable  rock 
from  commercial  and  undeveloped  sources,  an.  earth  fill  embankment 
with  an  impervious  seepage  barrier  has  been  selected  for  dike 
design.  All  dikes  would  have  a  top  width  of  12  feet  with  vertical 
on  horizontal  slopes  of  1.0  on  2.6  for  the  riverside  and  1.0  on 
2.0  for  the  landside.  The  dike  slopes  would  be  protected  against 
erosion  with  protection  stone  on  the  riverside  slope  and  grass 
cover  on  the  landside.  Foundation  seepage  would  be  controlled 
through  a  toe  drain  with  a  collection  pipe  at  the  landside  toe  of 
the  drain.  As  the  foundation  settlement  of  approximately  1.5  feet 
would  be  anticipated  in  the  loose  inorganic  silt  in  the  upper 
extrematies  of  the  Elmwood  Avenue  Area,  the  embankment  in  this 
area  may  have  to  be  overbuilt  in  height  to  compensate  for  the 
anticipated  settlement.  Unsuitable  foundation  materials  within  the 
limits  of  the  structures,  including  topsoil  could  be  removed  and 
where  practical,  would  either  be  utilized  as  land  fill  for 
reshaping  low-lying  areas  behind  the  protective  works  or 
appropriately  disposed  of. 


4-51 


The  concrete  structures  in  the  downstream  portion  of  the  Elmwood  Avenue 
area  will  bear  on  a  pervious  zone  of  silty  sand  gravel  or  silty 
gravelly  sand.  As  settlement  would  be  practically  instantaneous,  no 
foundation  problems  are  anticipated  for  the  pumping  station.  In  the 
upstream  portion  of  this  area  structures  will  bear  on  loose  inorganic 
silt.  To  negate  this  effect,  steel  sheet  piling  would  be  driven  to  a 
refusable  depth  of  about  -19  feet,  N.G.V.D. ,  with  I  walls  atop  the 
piles. 

The  earthfill  dikes  and  concrete  walls  measured  along  the  centerline 
axis  would  average  about  16  to  18  feet*  Wherever  feasible,  there  would 
be  a  minimum  20  foot  buffer  zone  between  the  edge  of  the  river  and  the 
toe  of  the  protective  works  allowing  present  natural  environment  to 
remain.  If  there  is  not  ample  room  for  this  20  foot  buffer  zone  as 
different  dike  section  must  be  used  which  has  a  30  foot  stabilization 
berm  to  counteract  the  various  forces. 

Geotechnical  Features 


In  the  Elmwood  Avenue  area,  along  the  upstream  half  of  the  project,  the 
foundation  soil  consists  of  about  ten  feet  of  flood  plain  deposits  of 
loose  silty  fine  sand  overlying  a  loose  pervious  layer  three  to  five 
feet  thick  of  silty  gravelly  sand,  and  overlies  a  thick  lake  bed 
deposit  of  loose  grey  to  dark  grey  and  grayish  green  stratified  silt. 
The  density  of  the  silt  deposit  varies  with  depth,  from  loose  to  very 
loose  to  moderately  compact.  In  the  remaining  downstream  half  of  the 
project,  the  foundation  soil  consists  of  two  to  eight  feet  of  loose 
silty  fine  sand  overlying  very  pervious  loose  to  moderately  compact 
silty  sand  gravel  and  silty  gravelly  sand.  No  evidence  of  bedrock  was 
encountered  in  explorations  of  45  foot  depth.  The  soil  profile  of  this 
area  Is  shown  on  plate  4-5. 

Real  Estate  Acquisition  -  Cost  estimates  for  real  acquisition  in  con- 
juntion  with  the  project  proposal  were  evaluated  on  comparable  data  of 
recent  sale  of  residential,  commercial  and  industrial  properties  within 
the  entire  project  area.  A  thorough  search  of  records  in  the 
communities  to  obtain  names  and  addresses  of  affected  owners,  in 
addition  to  interviews  with  appraisers,  real  estate  brokers,  local 
officials,  and  knowledgeable  people  for  obtaining  and  substantiating 
data  and  value  estimates  were  conducted.  The  real  estate  estimates  as 
developed  by  the  investigation  represent  an  unbaised  judgement  of  the 
present  fair  market  value  of  affected  properties  within  the  project 
area. 

Total  land  acreage  affected  by  the  Elmwood  Avenue  local  protective 
works,  would  consist  of  16.16  acres  of  land  to  be  purchased  in  simple 
fee,  excluding  temporary  easements  for  general  work  areas  including 
space  for  minimal  stockfilling  :>f  materials  during  construction.  This 
will  amount  to  less  than  5  acre;.  This  is  broken  down  into  the 
following  categories:  commercial  -  1.77  acres;  industrial  -  2.61  acres; 
residential  -  4.91;  public  -  6.64;  wetland/water  -  0.23  acres. 
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Improvements  or  buildings  to  be  purchased  outright  would  involve  7 
residences,  on  the  easterly  side  <-»f  the  protective  works.  Relocation 
of  these  residential  dwellings  could  be  accomplished  at  minimal  costs 
with  least  social  disruption  by  moving  the  homes  within,  but  away 
from  the  protective  work.3.  As  there  is  in  most  cases,  insufficient 
available  land  on  seme  property  to  conform  to  single  residence  zoning 
regulations,  most  of  the  involved  'tomes  could  be  relocated  to  city- 
owned  land  away  from  project  alignment  sc  ns  to  satisfy  local  zoning 
ordinances.  However,  for  purposes  cl  this  study,  outright  purchase 
of  those  seven  dwellings  is  the  eoaaioVced  action  with  relocation 
potentials  to  be.  considered  in  the.  advanced  design  stage. 

Temporary  easements,  as  a  provision  for  providing  space  for  the 
storage  of  materials,  equipment  and  contractor's  work  area  during 
construction,  would  also  be  required.  Required  acreage  has  been 
selected  at  ownerships  that  are  unimproved  lands  but  still  contiguous 
to  the  proposed  permanent  easement  areas.  Co1 1  of  temporary  easement 
are  predicated  upon  a  fair  return  of  invested  capital  (fair  market 
value)  and  a  provision  for  estimated  economic  tax  for  the  use  of  the 
land  during  the  construction  period.  Temporary  easement  would 
involve  about.  4.0  acres  in  Warwick. 

The  highest  and  best  use  of  the  required  land  for  the  local 
protective  works  in  the  Elmwood  Avenue  area  is  its  p-eseot  use, 
primarily  residential  with  a  small  portico  classified  as  heavy 
commercial  and  light  industrial.  Many  of  the  res id err  If  lets  are 
varied  In  size,  comprising  low  wetland  and  have  no  physical  access  to 
either  public  or  private  roads.  In  certain  area,  what  appears  to  be 
access  roads  on  the  assessor's  maps  are  only  proposed  streets.  In 
the  absence  of  flood  plain  zoning  regulations  and  with  adequate 
sewage  facilities,  this  area  would  be  potentially  available  for 
residential  development. 

The  severance  damages  for  the  project  proposal  are  estimated  to  be 
about  $40,000.  Acquistion  costs  which  include,  mapping  and  surveys, 
legal  description,  title  evidence,  appraisals,  negotiations  and 
closing,  and  administration  costs  for  possible  condemnation  and 
relocation  will  affect  22  ownerships  at  a  total  estimated  cost  of 
$66,000. 

la  accordance  with  Public  haw  91-646,  the  Uniform  Relocation 
Assistance  Act  of  1970  diich  provides  for  uniform  and  equitable 
treatment  of  persons  .Unplaced  from  their  homes,  businesses  or  lands 
by  a  Federally-assisted  program,  a  total,  sum  of  $50,000  is  estimated 
to  co^er  possible  reimbursable  expenses  which  may  be  incurred  in  the 
acquisition  program. 
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To  provide  for  possible  appret iatlon  of  property  values  from  the  time 
of  this  acquisition  date,  for  possible  minor  property  line  adjust¬ 
ments  or  for  additional  hidde-  ownerships  which  may  be  developed  by 
refinement  of  taking  lines,  lor  adverse  condemnation  awards  and  to 
allow  for  practical  and  realistic  negotiations,  a  contingency 
allowance  of  20  percent  has  been  considered  to  be  reasonably 
adequate* 

Total  costs  of  lands  and  damages  involving  lands  in  fee  and  improve¬ 
ments,  permanent  and  temporary  construction  easements,  severance 
damages,  relocation  assistance  and  acquisition  costs  including 
contingencies  for  possible  appreciation  of  property  value  are 
estimated  at  $650,000.  These  costs  are  shown  below  by  category. 


Lands  and  Improvements  $350,000 

(Fee /Permanent  Easement) 

Temporary  Construction  Easements  30,000 

Severance  Damages  40,000 

Acquisition  Costs  80,000 

Relocation  Assistance  Costs  60,000 

Contingencies  $112,000 

672,000 

updated  Dec  78  48,000 

$72  0,000 


Rights-of-Way  -  The  rights-of-way  lands  pertaining  to  the  Elmwood 
Avenue  local  protective  works  can  be  defined  as  an  area  generally 
running  parallel  to  project  alignment  with  horizontal  landward 
distance,  measur  is  from  rear  of  walls  or  heel  of  dikes  (landside  toe) 
giving  minimum  widths  varying  from  15  feet  (due  to  building 
constrictions)  to  20  feet.  The  protective  works  would  be  offset  a 
distance  of  20  feet,  wherever  possible,  from  the  river's  edge  for 
preserving  the  natural  environment.  The  right-of-way  would  also 
include  lands  within  this  buffer  zone.  They  v;ould  extend  the  entire 
length  of  the  project  including  the  peripheral  lend  areas  around  the 
pumping  station  and  land  paralleling  the  pressure  conduit.  Final  land 
disposition  of  partial  parcels  of  lands  acquired  as  severance  damage 
in  order  to  comply  with  zoning  regulations  would  be  held  in  abeyance 
for  final  design  stage.  Under  no  circumstances  would  the  final 
rights-of-way  in  these  areas  be  less  than  the  prescribed  20  foot 
buffer  zone  strip. 
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Relocation  or  modification  of  public  utilities,  such  as  power, 
telephone  and  gas  lines  would  be  .'<inimal. 

I.osa  of  Taxes  -  Discussions  with  local  assessors  and  a  review  of  the 
community  records  indicate  the  tax  loss  on  fee  simple  taking,  as  a 
result  of  the  project, would  be  about  $3500  per  annum. 

Construction  Period  -  This  phase  will  run  for  two  consecutive  years. 

As  the  city  of  Warwick  would  be  the  ui.._,ort  single  recipient  of  the 
benefits  from  the  Elmwood  Avenue  protective  works,  it  would  be  respon¬ 
sible  f  'r  its  maintenance  and  operation.  These  functions  would  be 
limited  to  the  normal  upkeep  of  the  dikes  and  walls  including  the 
remaining  project  areas,  the  pressure  conduit  and  gravity  gated  outlets 
and  operation  of  the  pumping  station,  all  in  accordance  with  prescribed 
regulations  established  by  the  Secretary  of  the  Army.  These  local  costs 
have  been  estimate!  to  he  about  >o,!i00  annually. 

Mai or  Replacements  -  This  would  include  an  allowance  for  project  items 
deemed  to  have  a  usable  lrfe  less  than  that  of  the  project.  Major  items 
considered  within  thin  purview  included  sluice  gates  at  the  diversion 
intake,  gates  of  gravity  outlets,  and  pumps  at  pumping  stations  in¬ 
cluding  electrical  and  mechanical  features.  From  previous  experience 
with  similar  projects,  it  is  assumed  that,  on  the  average,  major  re¬ 
placements  would  occur  every  25  years  and  90  poiceat  oi  these  replace¬ 
ment  items  would  be  required.  These  are  estimated  tt  he  $2000  for  the 
local  protective  works. 

The  cost  estimate  far  the  Elmwood  Local  Protective  works  is  shown  on 
Table  4-13,  along  with  the  coot  of  the  lands  and  damages.  Asuming  a 
construction  period  of  two  years.-  the  annual  charges  at  6-5/8%  are  as 
follows: 


Total  Project  First  Cost  $7,500,000 

Interest  during  construction  476,900 

7,996,900 

Interest  plus  amortization  530,700 

Operation  and  maintenance  6,000 

Interim  replacements  2,000 

Loss  of  Taken  Land  _ 3,500 

$  542,200 


The  total  annual  bene  ts  using  methodology  described  in  appendix  7 
and  utilizing  ER  1105-2-351  are  tabulated  as  follows; 


Basic  hydrologic  benefits  $344,400* 

Location  benefit  0 

Economic  growth  1972-1985  0 

Economic  growth  1985-2035  50,000 

*uslng  damage  survey  of  March-April  1979  $394,400 


Thus,  the  benefit  to  cost  ratio  is  0.73  for  this  single  purpose  measure. 


TABLE  4-13 
COST  ESTIMATE 

Elmwood  Avenue  Local  Protection 


Elmwood 

Unit 

Avenue 

C08t 

Total 

Preparation  of  Site 

1 

LS 

$  40,000 

Control  &  Diversion 

of  Water 

1 

LS 

5,000 

Common  Excavation 

42,000 

$  4.70 

197,400 

Protection  Stone 

24,000 

35.00 

840,000 

Crushed  Stone 

10,000 

9.00 

90,000 

12"  Gravel  Bedding 

17,000 

9.00 

153,000 

Compacted  Gravel  Fill 

9,000 

8.0 

72,000 

Compacted  Impervious 

Fill 

41,000 

6.00 

246,000 

Compacted  Sand  Fill 

3,000 

6.00 

18,000 

Compacted  Pervious 

75,000 

6.00 

450,000 

Fill 

Topsoil 

2,000 

8.00 

16,000 

Seeding 

11,000 

0.60 

6,600 

Concrete  T  walls 

3,300 

140.00 

462,000 

Concrete  I  Walls 

200 

140.00 

28,000 

Concrete  Gate  St rue- 

600 

140.00 

84,000 

tures 

Cement 

27,000 

3.00 

81,000 

Reinforcing  Steel 

602,000 

.50 

301,000 

Steel  Sheet  Piling 

8,000 

9.50 

76,000 

8"  BCCMP 

5,000 

6.00 

30,000 

Street  Gats 

1 

LS 

75,000 

Interior  Drainage 

i 

A 

LS 

12  9,000 

Pumping  Station 

1 

LS 

580,000 

Pressure  Conduit 

1 

LS 

115.000 

$4,095,000 

20%  Contingencies 

819,000 

$4,914,000 

E  &  D  -  15 

.0% 

73  7,000 

S  &  A  -  9. 

3% 

457,000 

6,108,000 

Updated  to  September  1978  Price 
Lands  and  damages 

Level 

6,800,000 
72  0,000 
$7,520,000 
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PAWTUXET  RIVER  FLOOD  CONTROL 
HYDROLOGIC  ANALYSIS 

1 .  PURPOSE 

The  purpose  of  this  report  is  to  present  the  hydrologic  data  and 
analysis  for  flood  control  on  the  Pawtuxet  River.  Included  are  sec¬ 
tions  on  basin  description,  climatology,  analysis  of  floods  and  hy¬ 
drologic  engineering  related  to  the  plans  of  improvement  for  flood 
control . 

2.  BASIN  DESCRIPTION 

a.  General .  The  Pawtuxet  River  basin  shown  on  plate  1  lies 
entirely  within  the  State  of  Rhode  Island  and  covers  a  total  area 
of  230  square  miles.  The  basin  Is  triangular  in  shape  with  a  north- 
south  base  of  23  miles  and  an  east-west  length  of  about  18  miles. 
Orainage  In  the  basin  is  generally  west  to  east  and  the  watershed  has 
a  variable  hydrologic  character.  The  westerly  headwater  region  is 
quite  hilly  with  little  urban  development,  whereas  the  lower  easterly 
portion  is  very  flat  and  quite  highly  urbanized.  The  water  resources 
of  the  westerly  headwater  region  have  been  extensively  developed  for 
domestic  and  industrial  water  supply.  Scituate  Reservoir  with 
a  surface  area  of  3,400  acres  at  spillway  crest  and  a  drainage 
area  of  93  square  miles,  is  the  dominating  water  supply  system 
in  the  region.  There  is  little  water  resource  development  in 


■the  lower  basin.  Elevations  in  the  basin  vary  from  a  high  of  about 
900  feet  msl  at  the  westerly  divide  to  a  low  of  10  feet  msl  near  the 
mouth  of  the  river. 

b.  Main  River.  The  main  stem  Pawtuxet-  River  originates  at  the 
confluence  of  the  North  and  South  Branches  at  River  Point  in  West 
Warwick,  Rhode  Island.  It  then  flows  northeasterly  between  low  banks 
for  10.9  miles  to  its  mouth  in  Pawtuxet  Cove.  The  river  averages 
about  100  feet  in  width  and  about  4  feet  in  depth  throughout  its  length 
and  has  an  average  slope,  excluding  drops  at  three  existing  run  of 
river  dams,  of  approximately  2.6  feet  per  mile.  From  its  origin  to 
the  mouth  the  river  has  a  total  fall  of  about  50  feet.  Originally, 
approximately  3  miles  of  the  lower  reach  of  the  river  was  a  tidal  es¬ 
tuary  until  the  construction  of  the  Pawtuxet  dam  near  the  mouth  of  the 
river  in  1870  to  prevent  salt  water  intrusion.  In  the  lower  reach  the 
main  river  is  joined  by  two  other  tributaries  from  the  north,  Meshanti- 
cut  Brook  and  Pacasset  River,  at  river  miles  9.0  and  3.8,  respectively. 
The  river  profile  is  shown  on  plate  2. 

c.  Tributaries. 

(1)  North  Branch.  The  North  Branch  of  the  Pawtuxet  River  has 
a  drainage  area  of  106  squa>«3  miles  and  originates  at  Scituate  Reser¬ 
voir.  Kent  Dam,  which  forms  the  Scituate  Reservoir,  has  a  drainage 
area  of  92.8  square  miles.  From  the  tailwater  of  the  dam  the  river 
flows  for  6.8  miles  in  a  general  southeasterly  direction  and  falls 
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145  feet.  In  this  reach,  it  flows  through  a  succession  of  seven  small 
run  of  river  dams  and  pools  to  its  junction  with  the  South  Branch  at 
River  Point.  The  river  profile  is  shown  on  plate  3. 


(2)  South  Branch.  The  South  Branch  of  the  Pawtuxet.  River, 
with  a  drainage  area  of  73.0  square  miles,  origtiates  at  Flat  River 
Reservoir  dam  which  has  a  drainage  area  of  56.7  square  miles.  From 
tall water  the  river  flov/s  in  a  general  northeasterly  direction  for  9 
miles  and  falls  185  feet  to  its  junction  with  the  North  Branch  at 
River  Point.  Within  this  reach,  the  river  meanders  through  marshes 
and  a  series  of  small  storage  ponds  created  by  11  mill  dams.  The 
river  profile  is  shown  on  plate  3. 

(3)  Meshanticut  Brook.  Meshanticut  Brook,  with  i  drainage 
area  of  15.0  square  miles  originates  and  flows  generally  southerly 
through  the  city  of  Cranston,  Rhode  Island  to  its  confluence  with  the 
Pawtuxet  at  river  mile  9.0.  The  river  has  a  total  length  of  about  6.5 
miles  and  falls  about  220  feet  in  the  upper  2.9  mile  reach  and  only  48 
feet  in  its  lower  3.6  mile  reach.  Development  in  the  watershed  varies 
from  sparse  in  the  upper  basin  to  moderate  in  the  lower  basin. 

(4)  Pocasset  River.  The  Pocasset  River,  vith  a  drainage 
area  of  20.8  square  miles,  originates  in  the  town  of  Johnston  and  flows 
in  a  southeasterly  direction  through  the  city  of  Cranston,  Rhode 
Island.  In  its  11.6  miles  distance,  it  falls  275  feet  to  its  junction 
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with  the  Pawtuxet  River  at  river  mile  3.8.  In  its  course,  the  river 
falls  200  feet  in  its  first  5-mile  reach  and  75  feet  in  its  remaining 
length.  The  Pocasset  River  watershed  is  in  the  more  highly  developed 
areas  of  the  Pawtuxet  River  basin.  Pertinent  data  on  the  Pawtuxet 
River  and  its  tributaries  are  given  in  table  1. 


TABLE  1 

PAWTUXET  RIVER  PERTINENT  DATA 


Name  of  Stream 

Distance 

Above 

Pawtuxet 

Dam 

Total 

Drainage 

Area 

Length 

(river  miles) 

(sq.  mi.) 

(miles) 

Pawtuxet  River 

0.0 

230.4 

10.9 

Pocasset  River 

3.8 

20.8 

11.6 

USGS  Gage 

4.5 

200 

- 

Meshanticut  Brook 

9.0 

15.0 

6.5 

North  and  South  Branch 

Confluence 

10.9 

179.0 

- 

North  Branch 

10.9 

106.0 

6.8 

Kent  Dam  (Scituate 

17.7 

92.8 

Reservoir) 

South  Branch 

10.9 

73.0 

9.0 

Flat  River  Reservoir 

19.9 

56.7 

3.  CLIMATOLOGY 

a.  General .  The  Pawtuxet  River  basin  has  a  variable  climate  but, 


due  to  its  proximity  to  Narrangansett  Bay,  escapes  the  severity  of  cold 
and  depth  of  snowfall  experienced  in  the  higher  elevations  of  the  in¬ 
terior  areas  of  New  England.  It  frequently  experiences  periods  of 
heavy  precipitation  produced  by  local  thunderstorms  and  by  intense 
"lows"  of  tropical  and  extra-tropical  origin  that  move  northeasterly  up 
the  coast.  The  basin  also  lies  in  the  path  of  the  prevailing  "wester¬ 
lies"  which  generally  travel  across  the  country  in  an  easterly  or 
northeasterly  direction  producing  frequent  weather  changes. 

b.  Temperature.  The  average  annual  temperature  of  the  Pawtuxet 
River  basin  is  about  50°  Fahrenheit.  Extremes  in  temperature  range 
from  occasional  highs  of  100°F.  to  lows  of  -l'»°  Fahrenheit..  Freezing 
temperatures  may  be  expected  from  the  latter  part  of  Oc.iabei  until  the 
middle  of  April.  The  mean,  maximum  and  minimum  monthly  end  annual 
temperatures  for  the  period  of  record  at  Providence  are  shown  in  table 
?. 


c.  Precipitation.  The  mean  annual  precipitation  over  the  Pawtuxet 
River  basin  varies  from  about  40  inches  in  the  lower  coastal  areas  to 
about  48  inches  in  the  uplands.  The  distribution  of  the  precipitation 
is  quite  uniform  throughout  the  year.  However,  extremes  in  monthly 
values  range  from  a  high  of  more  than  12  inches  to  less  than  0.20  inch 
on  several  occasions.  The  monthly  and  annual  precipitation  at  Provi¬ 
dence,  representative  of  the  lower  coastal  area,  are  shown  in  table  2. 
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tablf;  2 


MONTHLY  TEMPERATURE -PRECIPITATION 
AT  PROVIDENCE,  RHODE  ISLAND 


40 

Temperature 

Years  of  Record 

40 

Precipitation 
Years  of  Record 

Month 

Mean 

Mean 

Maximum 

Minimum 

January 

29.3 

65 

-9 

3.59 

7.12 

0.50 

February 

29.3 

65 

-15 

3.23 

5.63 

1.31 

March 

37.5 

86 

1 

3.67 

8.31 

1 .49 

Apri  1 

47.5 

87 

14 

3.55 

7.32 

0.72 

May 

57.8 

94 

29 

3.10 

9.25 

0.57 

June 

66.9 

97 

39 

2.91 

7.21 

0.04 

July 

72.6 

99 

46 

3.05 

6.92 

0.24 

August 

70.8 

100 

40 

3.58 

12.24 

0.82 

September 

63.8 

99 

32 

3.25 

9.74 

0.77 

October 

54.0 

88 

21 

3.00 

11.89 

0.16 

November 

43.4 

81 

12 

3.65 

8.50 

0.67 

December 

32.4 

69 

-11 

3.74 

10.75 

0.58 

ANNUAL 

50.4 

100 

-15 

40.32 

58.57 

25.44 

♦Based  on  31  Years 

of  Record 

1940-1970 
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d.  Snowfall.  The  average  annual  snowfall  over  the  Pawtuxet  River 
basin,  shown  in  table  3,  is  about  40  inches.  Water  content  of  the  snow 
cover  usually  reaches  a  maximum  about  the  first  of  March  but  rarely 
exceeds  2  to  3  inches  due  to  the  moderating  effect  of  Narragansett 
Bay. 


TABLE  3 

MEAN  MONTHLY  SNOWFALL 

AT  PROVIDENCE.  RHODE  ISLAND 

Elevation  51  Feet  MSL 
40  Years  of  Record 
(Depth  in  Inches) 


Month 

Snowfa 

January 

10.2 

February 

10.5 

March 

7.8 

April 

0.5 

May 

0 

June 

0 

July 

0 

August 

0 

September 

0 

October 

T 

November 

1.3 

December 

7.8 

Annual  Average  37.50  Inches 
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4.  STREAMFLOW 

The  U.S.  Geological  Survey  maintains  six  stream  gaging  stations 
within  the  Pawtuxet  River  watershed.  Pertinent  data  for  the  six 
stations  is  sunmarized  in  table  4  and  the  locations  of  the  stations  are 
shown  on  plate  1.  One  of  the  stations  is  located  on  the  main  stem  of 
the  Pawtuxet  at  Cranston  and  a  second,  on  the  South  Branch  downstream 
of  Flat  River  reservoir  at  Washington,  Rhode  Island.  These  two  main 
river  gages  have  both  been  in  operation  since  about  1940.  The  remain¬ 
ing  four  gages  are  located  on  headwater  tributaries. 

Average  annual  runoff  from  the  Pawtuxet  watershed  is  about  27 
inches  or  approximately  60  percent  of  average  annual  precipitation. 
Monthly  runoff  at  the  two  main  river  gages  is  shown  in  table  5. 

5.  TIDES 

a.  General .  Two  high  and  two  low  tides  occur  each  lunar  day  in 
the  Narragansett  Bay  area  with  a  mean  high  water  of  2.47  feet  msl  and 
mean  low  water  of  -2.13  feet  msl  at  Providence.  Predicted  tidal  data 
are  given  for  16  locations  in  the  Narragansett  Bay  area  in  the  annual 
Tide  Table  Publication  of  the  U.S.  Department  of  Commerce,  National 
Oceanic  and  Atmospheric  Administration,  entitled  "Tide  Tables,  East 
Coast  of  North  and  South  America". 

b.  Storm  tides.  The  Pawtuxet  dam,  constructed  at  the  mouth  of 
the  river  in  1870  with  a  crest  elevation  of  5.3  feet  msl,  prevents 
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TABLE  4 


GAGING  STATION  RECORDS 
PAWTUXEY  RIVER  WATERSHED 


Gaging  Station 

Drai nage 
Area 

Period  of 
Record 

Discharge  (cfs) 

Mean  Maximum*  Minimum 

($q.  ml.) 

Misqultahawk  Brook  nr. 
No.  Scituate,  R.I. 

3.06 

1965-present 

- 

630 

- 

Nooseneck  River  at 
Nooseneck^  R.I. 

8.23 

1963-present 

14.9 

318 

0.81 

Carr  River  at 

Nooseneck,  R.I. 

6.73 

1963-present 

9.1 

221 

0.30** 

So.  Br.  Pawtuxet  R.  at 
Washington,  R.I. 

63.8 

1940-present 

126 

1,860 

2.8 

Furnace  Hill  Brook  at 
Cranston,  R.I. 

4.19 

1965-present 

- 

586 

0 

Pawtuxet  River  at. 
Cranston,  R.I. 

200 

1939-present 

393 

3,110 

22** 

♦Maximum  recorded  flow  occurred  18  March  1968 
♦♦Minimum  daily  flow 
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TABLE  5 


Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

ANNUAL 


MONTHLY  RUNOFF 
(In  Inches] 


Pawtuxet  River  at  Cranston 
Rhode  Island 


(D.A. 

=  200  square  mile) 

Mean 

Maximum 

Minimum 

2.98 

6.56 

0.78 

3.15 

7.38 

1.34 

4.57 

7.47 

2.56 

3.86 

7.01 

1.24 

2.65 

5.38 

1.34 

1.40 

3.96 

0.24 

0.77 

2.52 

0.002 

0.78 

3.43 

0.06 

0.86 

4.96 

0.11 

1.09 

6.48 

0.20 

2.01 

5.74 

0.43 

2.81 

5.99 

0.67 

26.82 

39.21 

12.75 

South  Branch  Pawtuxet  River 
at  Washington,  Rhode  Island 
(D.A.  =  63.8  square  mile) 


Mean 

Maximum 

Minimum 

2.83 

5.84 

0.69 

3.02 

4.54 

1.33 

4.25 

6.64 

2.66 

3.83 

6.49 

1.22 

2.81 

5.61 

1.24 

1.61 

4.37 

0.49 

0.94 

2.29 

0.28 

0.88 

2.81 

0.29 

0.91 

4.16 

0.28 

1.21 

5.81 

0.45 

1.97 

5.85 

0.50 

2.77 

5.63 

0.66 

25.94 

40.63 

12.64 
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normal  tides  from  affecting  the  low.  I awtuxet  River;  however,  the  dam 
is  overtopped  by  abnormal  storm  tides  The  lower  Pawtuxet  River  is 
therefore  subject  to  flooding  from  either  fresh  water  flow  or  storm 
tides,  or  a  combination  of  the  two.  '!'•;«  two  greatest  tides  of  record 
'n  recent,  years  occurred  as  a  result  ot  in.;:  ri canes  in  September  1938 
and  August  1954.  The  maximum  tidal  le/ei  at  Providence  during  these 
two  events  was  15.7  and  14.7  feet  above  msl,  respectively. 

c.  Frequency  of  abnormal  tides.  I  he  frequencies  of  abnormal 
tides  in  Narragansett  Bay,  in  the  vicinity  of  the  mouth  of  the  Paw¬ 
tuxet  River,  were  developed  by  the  Corps  of  fcncineers  in  1960  in 
connection  with  the  design  of  the  Fox  Point  hurricane  barrier  at 
Providence.  Tide  frequencies  were  based  on  ?u  year'-  of  continuous  rec¬ 
ords  plus  historical  accounts  of  earlier  storm  tides  -/cuig  back  to  the 
year  1635.  The  resulting  tide  frequency  i  ve  is  shown  on  plate  4. 
Abnormal  tide  levels  upstream  of  the  Pawl uxrt  earn  are  generally  about 
2  feet  lower  then  in  the  hoy  due  to  the  hydraulic  *  estriction  posed  by 
the  dam.  Ihe  project  design  hurricane  tide  for  the  Fox  Point  hurri¬ 
cane  barrier,  located  just  north  of  the  mouth  of  the'  Pawtuxet  River, 
was  20.5  feet  above  msl.  It.  was  conclude  1  that  a  comparable  storm 
tide  upstream  of  Pawt.uxei  dam  would  he  about  18.5  feet  msl. 

6.  ANALYSIS  OF  f LOOPS 

<  .  General .  The  f  lood  history  of  the  It.wtuxef  River  dome  strater. 


that  major  floods  can  occur  any  season  of  the  year  as  a  result  of  in¬ 
tense  rainfall  alone  or  in  com*--.' nation  with  snowmelt.  Flat  River  and 
Scituate  reservoirs  exert  control  over  66  percent  of  the  Pawtuxet 
watershed  and  Scituate  in  particular  has  a  significant  modifying 
effect  on  flood  development  in  the  Pawtuxe1  ‘>asin.  Pertinent  data  on 
Scituate  and  Flat  River  reservoirs  is  listed  in  table  6.  The  magnitude 
of  fresh  water  floods  on  the  main  stem  Pawtuxet  are  a  function  of: 

(1)  storm  rainfall  and  resulting  runoff  from  the  80.9  square  miles  of 
watershed  downstream  of  the  reservoirs  and  (2)  the  initial  storage 
capacity  in  the  reservoirs  and  the  resulting  magnitude  and  timing  of 
discharges  from  the  reservoirs.  Floods  are  also  produced  on  the  lower 
Pawtuxet  by  abnormal  tides  in  Narragansett  Bay.  Following  are  discussions 
of  some  of  the  more  notable  floods  that  have  occurred  in  the  19th  and 
20th  centuries. 

b.  Historic  floods. 

(1  )  22-23  September  1815.  Art  abnormally  high  tide  of  14.2 

feet  above  msl  in  the  Providence  area  resulted  in  extensive  coastal 
flooding.  It  is  reported  that  vessels  were  driven  from  their  moorings 
and  many  wharves,  stores,  houses  and  barns  were  destroyed.  There  was 
apparently  a  relatively  insignificant  amount  of  coincident  rainfall- 
runoff  associated  with  this  .lorm.  Though  flooding  was  undoubtedly 
extensive  in  the  lower  Pawtuxet.  River,  destruction  was  minimized  by  the 
Imk  of  development  in  the  flood  plain  at  this  date. 
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TABLE  6 


SCITUATE  AND  FLAT  RIVER  RESERVOIRS 
PERTINENT  DATA 


Scituate  Flat  River 


Drainage  Area  (sq.  mi.) 

92.8 

56.7 

Spillway  Length  (feet) 

412 

169 

Spillway  Elevation  (ft  msl) 

284 

248 

Top  of  Flashboards  (ft  msl) 

285.5 

N.A.* 

Storage  Capacity 

Spillway  Crest  (acre -feet) 

113,600 

5,150 

Spillway  Crest  (inches) 

23 

1.7 

Top  of  Flashboards  (acre-feet) 

118,500 

N.A.* 

Top  of  Flashboards  (inches) 

24 

- 

Surface  Area  at  Spillway  Crest  (acres) 

3,400 

850 

Top  of  Dam  Elevation  (ft  msl) 

298 

256 

*Not  applicable 
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(2)  11-14  February  1885  This  flood  was  the  greatest  ever 

known  on  the  main  stem  Pawtuxef  River  resulting  from  7  to  8  inches 
of  rainfall  over  the  basin  augmented  by  snowmelt  with  an  estimated 
water  equivalent  of  2  inches.  Experienced  flood  levels  were  6  to  7 
feet  higher  then  any  other  known  flood  bef<  ■  ?  or  since  this  event. 

There  were  no  record  of  flows  on  the  main  stem  but  previous  studies  by 
the  Corps  estimated  the  discharge  of  the  river  was  about  14,000  cfs  in 
the  vicinity  of  the  present  USGS  gage  site  in  Cranston. 

Scituate  Reservoir  was  not  in  existence  at  the  time  of  this 
flood.  If  it  had  been  built  and  initially  filled,  it  is  estimated  the 
resulting  flood  at  Cranston  would  have  been  modified  to  about  11,000 
cfs.  A  recurrence  of  such  a  flood  today,  with  present  levels  of  develop 
ment  in  the  lower  basin  would  result  in  a  catastrophic  type  disaster. 


(3)  2-4  November  1927.  The  heaviest  rainfall  associated  with 

this  major  storm  system  occurred  outside  the  Pawtuxet  basin.  Rainfall 
amounts  varying  from  2  to  7  inches  were  reported  within  the  watershed. 
Scituate  Reservoir  stored  100  percent  of  the  runoff  from  its  water¬ 
shed  and  only  a  minor  flood  freshet  developed  in  the  lower  basin. 


(4)  9-21  March  1936.  The  New  England  floods  resulting  from 
this  storm  were  caused  by  a  combination  of  heavy  rainfall,  deep  snow 
cover,  and  unusually  high  temperature  for  the  season.  Rainfall  in 
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the  Pawtuxet  basin  was  about  3.4  inche1'  for  the  period  9-1?  March  and 
3.1  inches  for  the  period  18-2?  March.  Water  equivalent  of  the  snow 
cover,  which  ves  depleted  during  the  period,  was  estimated  at  about  1 
inch. 

The  flood  was  significantly  modified  by  storage  capacity 
initially  available  in  the  upstream  reservoirs  and  the  resulting  peak 
flow  of  the  Pawtuxet  River  in  the  vicinity  of  the  present  USGS  gage  in 
Cranston  was  estimated  at  about  5,300  cfs. 

(5)  18-24  duly  1938.  This  flood  was  the  greatest  experienced 
on  the  main  stem  Pawtuxet  since  the  construction  of  Scituate  Reservoir 
in  1926.  It  was  the  result  of  a  coastal  storm  producing  an  average  of 
7  inches  of  rainfall  over  the  Pawtuxet  basin,  this  rent  occurred  at 
a  time  when  both  Flat  River  and  Scituate  reservoirs  were  initially 

almost,  full;  therefore,  the  onlv  modifying  effect  was  that  due  to 
surcharge  storage.  The  resulting  peak  discharge  at.  Cranston  has  been 
estimated  at  about.  6,300  cfs.  The  fbw  components  making  up  the  July 
1938  flood  hydrograph  at  Cranston  are  graphically  presented  on  plate  6. 

(6)  17-2?  September  1938.  The  hurricane  of  September  1938 
produced  an  abnormal  tide  level  in  Narragansett  Bay  of  15.7  feet  above 
msl  in  the  vicinity  of  the  mouth  ot  the  Pawtuxet  River.  This  tide  was 
lit.?  feet  above  the  crest  ot  the  Pawtuxet  dam  and  resulted  in 
extensive  tidal  Hooding  in  the  lower  reaches  of  the  Pawtuxet  River.  The 


rainfall  of  the  preceding  four  days  averaged  5  inches  over  the  Pawtuxet 
watershed,  but  upstream  reservoir  levels  were  low  and  Pawtuxet  River 
flows  were  not  considered  a  major  contributor  to  experienced  floods. 

(7)  31  August  1954.  Hurricane  "Carol"  passed  over  the  west¬ 
ern  portion  of  the  basin  creating  abnormally  high  tides  to  elevation 
14.7  feet  above  msl  in  Narragansett  Bay  near  the  mouth  of  the  Pawtuxet 
River.  The  overtopping  of  Pawtuxet  dam  resulted  in  flood 

stages  to  approximately  12.5  feet  msl  upstream  of  the  dam.  Wind  gusts 
over  100  mph  were  recorded  at  Providence  during  this  hurricane.  Pre¬ 
cipitation  associated  with  this  storm  was  only  about  3  inches  over  the 
basin  and  fresh  water  flooding  was  not  a  major  factor. 

(8)  17-18  March  1968.  The  1968  event  was  produced  by  4  to  7 
inches  of  rainfall  occurring  in  a  48-hour  period.  A  preceding  storm  on 
the  12th  and  13th  of  the  month  plus  some  snowmelt  provided  high  ante¬ 
cedent  runoff  conditions.  The  resulting  peak  discharge  at  the  USGS 
gage  in  Cranston  was  3,110  cfs  which  was  the  greatest  flow  recorded 
since  establishment  of  the  gage  in  1939.  Though  flood  damages  were 
not  major,  the  event  occurred  following  a  period  of  very  intensive  de¬ 
velopment  in  the  lower  basin,  and  brought  attention  to  the  great  flood 
damage  potential  to  which  mo^t  of  this  development  was  exposed.  The 
1968  flood  discharge  on  the  main  stem  Pawtuxet  River  was  significantly 
modified  by  storage  capacity  initially  available  at  Scituate  Reservoir. 
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Had  this  reservoir  been  initially  filled  it  is  estimated  the  peak  flow 
at  Cranston  would  have  been  about  6,500  cfs  or  comparable  to  the  ex¬ 
perienced  July  1938  flood  when  reservoirs  were  initially  full. 

Detailed  analysis  of  the  development  of  tie  March  1968  flood 
is  graphically  presented  on  plate  5.  Pertinent  data  on  the  effects  of 
Scituate  and  Flat  River  Reservoirs  on  historic  floods  is  summarized  in 
tables  7  and  8. 

7.  FLOOD  FREQUENCIES 

a.  General ♦  Flood  frequencies  for  the  Pawtuxet  River  were  de¬ 
rived  through  analysis  of  historical  flood  discharge  data  within  the 
basin,  both  recorded  and  computed,  as  well  as  by  comparison  with  long 
tenr  discharge  records  of  streams  outside  the  basin  but  iri  the  general 
region.  Peak  discharge  frequency  curves  were  developed  for  (1)  the 
Pawtuxet.  River  at  Cranston,  (2)  the  South  Branch  at  Washington  (3)  the 
uncontrolled  50.5  square  mile  local  area  downstream  of  the  Flat  River 
and  Scituate  Reservoirs  to  the  Cranston  gage  and  (4)  the  30.4  local 
from  the  gage  to  the  mouth  of  the  river. 

b.  Pawtuxet  River.  Because  of  the  complexity  of  the  effect  of 
upstream  reservoirs  on  floodflows  on  the  main  stem  Pawtuxet,  conven¬ 
tional  statistical  flood  frequency  analysis  of  the  data  was  not  con¬ 
sidered  applicable.  Instead,  recorded  annual  peak  flows  and  histori¬ 
cal  flood  peaks  were  plotted  using  "Beard's"  plotting  positions  and  a 
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FLOOD  STORAGE  BY  UPSTREAM  RESERVOIRS 


TABLE  8 


r  ~~  - - ^ 


composite  frequency  curve  was  fitted  to  the  plotted  data  as  shown  on 
plate  7. 

c.  South  Branch.  A  discharge  frequency  curve  for  the  South 
Branch  at  Washington,  Rhode  Island  was  developed  by  statistical  analy¬ 
sis  using  the  annual  peak  flows  for  33  yea<  of  record,  plus  the  addi¬ 
tion  of  the  estimated  peak  flows  for  the  1936  through  1938  water  years. 
Thus  the  analysis  was  made  using  36  annual  peak  flove.  A  Log  Pearson 
type  analysis  was  made  in  accordance  with  procedures  presented  in 
“Statistical  Methods  in  Hydrology"  by  L.  Beard  dated  January  1962.  The 
basic  statistical  data  is  listed  in  table  9. 

d.  Locals.  The  peak  discharge  frequency  curves  for  the  unmodi¬ 
fied  50.5  square  mile  local  downstream  of  Flat  River  and  Scituate  Res¬ 
ervoirs  and  the  30.4  square  mile  local  downstream  of  the  gage  were  de¬ 
veloped  by  relating  the  computed  1368  flood  contributions  from  the 
areas  with  similar  gaged  watersheds,  namely  Kettle  Brook  and  Branch 
River  in  the  neighboring  Blackstone  River  basin.  Statistical  data  de¬ 
veloped  for  the  gaged  streams  and  that  adopted  for  the  local  watersheds 
are  listed  in  table  9.  The  adopted  discharge  frequency  curve  for  the 
Pawtuxet  River  at  Cranston  is  shown  on  plate  7. 


e.  Flood  stage  freque  ies^  Flood  stage- frequency  curves,  for 
use  in  damage-benefit  analyses,  *ere  developed  at  various  index  stations 
using  the  discharge  frequency  information  just  discussed  in  conjunction 


TABLE  9 


S-  J 


o  o  c 

o 

o 

o 

O 

o 

o 

o 

4-  O 

CM 

i o 

o 

o 

o 

O 

o 

in 

<D  ■+-> 

00 

CV) 

Lf> 

o 

LD 

00 

o 

U3 

'XJ  CD  i/> 

• 

- 

• 

** 

a 

#< 

«* 

Adopte 

Local 

Cran 

O 

CM 

o 

o 

+ 

CO 

CM 

r— 

C 

O  O 

4-  4-> 

o 

o 

O 

O 

o 

O 

o 

• —  l/> 

LO 

r- 

O 

o 

o 

o 

o 

o 

o 

TJ  rtJ  C 

cu 

‘.r> 

O 

CM 

m 

o 

CD 

CO 

ID 

00 

1 — 

d)  o  m 

cr 

• 

• 

• 

• 

r> 

* 

#» 

9k 

0k 

#k 

4-*  O  <- 

ro 

o 

CO 

o 

O 

CD 

■cj- 

CO 

CM 

r" 

, — * 

a  jo 
o 

-a  o 

00 

LO 

+ 

c  • 

■j—  LO 
CO  to 

r*:  /tj  /g 
OCQS 

ID 

o 

o 

O 

o 

o 

o 

o 

ID 

CM 

CM 

cn 

LD 

CM 

c-  a>  •* 

CO 

CD 

CO 

LD 

CD 

CD 

CM 

00 

^}* 

ra  c  c- 

• 

• 

« 

*> 

•> 

9k 

* 

O  CD 

r^* 

CM 

o 

o 

CO 

CM 

CD  -M  -M 
i —  on  <o 
4->  ^  <D 
+J  u  o 

oo 

+ 

CD  «T3  S-i 

*— 

NC  , —  O 

CO  U 

Q 

c  * 

O 

•r—  >-h 

Z 

S-  </>  • 

QJ 

<u  <tj  or 

3 

>  00 

o 

o 

O 

o 

o 

o 

o 

O' 

•: —  •> 

<y> 

CM 

o 

O 

LD 

o 

o 

00 

LU 

CC  <D  CD 

CM 

r — ■ 

CM 

LD 

CD 

OO 

cn 

f— 

a: 

C  .— 

• 

• 

• 

* 

#» 

9k 

* 

*» 

A 

Ljl. 

-c  O  as 

r— 

00 

O 

O 

CD 

LO 

OO 

CO 

CM 

r— 

U+J-O 

o> 

+ 

UJ 

C  Wf> 

CO 

/TJ  -M  </V 

cu 

O  <D 

CO  fO  U 

nr 

«—  O 

O 

CO  u. 

LO 

*— 1 

o 

.  1 

S-  ^ 

JC  CD  • 

o  >  or 
c  •»- 

CD 

O 

O 

o 

o 

O 

o 

<o  or  * 

r-' 

i — 

LD 

O 

o 

o 

LO 

CM 

<_  c 

CO 

00 

CM 

ID 

CM 

CD 

oo 

a> 

CD 

CO  Jty  o 

• 

• 

9k 

CD  4J 

CO 

CM 

O 

O 

CM 

CM 

r — 

£  X  Ol 
+J  3  C 

3  4->  -r- 

O  ?  -C 

oo  <0  i/» 

CD 

+ 

Q_  (TJ 

1 


with  developed  stage-discharge  rating  curves.  The  rating  curves  were 
developed  from  backwater  studies  which  are  discussed  under  section  9, 
entitled,  Flood  Profiles.  In  the  reach  of  the  river  affected  by  flood 
tides,  composite  stage  frequency  curves  were  developed  reflecting  tide 
and  fresh  water  flooding.  For  example  if  a  iven  flood  level  was  ex¬ 
pected  to  be  reached  10  times  in  100  years  by  fresh  water  flooding  and 
5  times  per  100  years  by  flood  tides  then  the  composite  curve  would 
indicate  flooding  to  this  level  15  times  per  100  years. 

Modified  stage  frequency  curves  for  various  plans  of  improvement 
were  similarly  developed  using  the  modified  discharge  frequencies  and 
appropriate  rating  curves. 

f.  Effect  of  future  urbanization.  In  allowing  for  future  develop¬ 
ment  in  the  watershed  it  was  estimated  that  flood  discharge  frequencies 
would  increase  10  percent  between  the  present  and  1990  and  another  10 
percent  between  1990  and  2020.  Such  an  estimate  cannot  be  precise  but 
was  based  on  interrelations  in  New  England  between  population  density 
and  land  use,  land  use  and  percent  impervious  cover,  and  percent 
change  in  impervious  cover  and  percent  change  in  peak  runoff.  A 
Treatise  on  this  subject  entitled,  "Effect  of  Urbanization  on  Peak 
Runoff"  was  prepared  by  the  l"‘W  England  Division  in  June  1973  in  con¬ 
nection  with  a  South  Eastern  New  England  regional  study.  Reference  is 
also  made  to  "Effects  of  Watershed  Changes  on  Streamflow,"  Water  Re¬ 
sources  Symposium  No.  2,  University  of  Texas  Press,  1969. 
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Population  projections  for  the  region  were  developed  in  1972 
by  the  Bureau  of  Economic  Analysis  of  the  U.S.  Department  of  Commerce. 
Based  on  this  data  it  is  projected  that  the  population  density  in  the 
Pawtuxet  basin  will  increase  from  315  per  square  mile  in  1970  to  540 
per  square  mile  in  1990.  This  growth  is  expected  to  result  in  a  50 
percent  increase  in  impervious  cover  from  about  8  to  12  percent  and 
result  in  a  10  percent  increase  in  peak  discharge.  At  least  a  com¬ 
parable  percent  increase  is  expected  between  1990  and  2020. 

8.  STANDARD  PROJECT  FLOOD 

a.  General .  The  standard  project  flood  (SPF)  represents  the 
flood  discharge  that  may  be  expected  from  the  most  severe  combination 
of  meteorologic  and  hydrologic  conditions  that  are  considered  reason¬ 
ably  characteristic  of  the  region,  excluding  extremely  rare  combinations. 
The  SPF  represents  a  "standard"  against  which  the  flood  potential  of  a 
river  can  be  judged,  as  contrasted  to  an  analysis  of  flood  records 
which  may  be  misleading  due  to  abnormal  sequences  of  events  during  the 
period  of  record.  The  SPF  for  the  Pawtuxet  River  was  developed  using 
standard  project  storm  rainfall,  as  described  in  EM  1110-2-1411,  and 
unit  hydrographs  derived  from  analysis  of  recorded  floods  in  the  basin. 

b.  Rainfall .  The  standard  project  storm  was  oriented  over  the 
Pawtuxet  watershed  with  its  center  near  the  junction  of  the  two  branches 
with  its  long  axis  running  in  a  southwest  to  northeast  direction.  The 
storm  pattern  is  shown  on  plate  8. 
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The  standard  project  storm  index  rainfall  for  24  hours  over  a  200 
square  mile  area  is  11  inches.  summary  of  the  adopted  standrad  proj¬ 


ect  storm  contribution  for  a  drainage  area  of  200  square  miles  is  as 
follows : 


Inches 


SPS  Rainfall  (24  hrs) 

11.0 

Losses 

2.3 

Rainfall  Excess 

8.7 

Maximum  3 -Hour 

Rainfall  Excess 

5.3 

Losses  were  assumed  at  the  rate  of  0,1  inch  per  hour  which  is 
consistant  with  minimum  losses  determined  in  previous  Corps  of  Engineer 
studies  for  the  New  England  area.  The  rainfall  over  each  tributary 
and  local  area  was  obtained  by  planimetering  between  the  isohyets  and 
respective  watershed  divides. 

c.  Unit  hydrographs.  Unit  hydrographs  were  derived,  through 
analysis  of  the  March  1968  flood,  for  the  watersheds  of  (1)  Flat  River 
Reservoir,  (2)  Scituate  Reservoir  and  (3)  the  two  downstream  local 
areas.  The  peaks  of  all  devt  ped  unit  hydrographs  were  increased  25 
percent,  in  accordance  with  1M  I • 1 0-2-1 405 ,  to  reflect  the  increased 
runoff  rates  expected  under  standard  project  storm  conditions.  A 
tyincal  unit  hydrograph  development  is  shown  on  plate  5. 


d.  Standard  project  flood.  Rainfall  excess  was  computed  for  each 
subwatershed  and  applied  to  the  adopted  unit  hydrographs.  The  result¬ 
ing  hydrographs  for  Flat  River  and  Scituate  Reservoirs  were  routed 
through  surcharge  storage  assuming  the  reservoirs  initially  filled  to 
spillway  crest.  The  resulting  outflow  hydrographs  were  then  routed 
downstream  and  combined  with  the  component  hydrographs  from  the  local 
areas.  The  development  of  the  SPF  for  the  Pawtuxet  basin  is  graphically 
illustrated  on  plate  8. 

9.  FLOOD  PROFILES 

Flood  profiles  for  the  mainstem  of  the  Pawtuxet  River  are  shown  on 
plate  2.  Profiles  were  computed  by  standard  backwater  procedures 
using  a  minimum  of  surveyed  cross  sections  of  the  river  and  the  computer 
program, HEC-2,  developed  by  the  Hydrologic  Engineering  Center  in  Davis, 
California.  The  computer  model  was  calibrated,  to  the  extent  possible, 
against  historic  flood  elevations.  In  many  instances  the  computed  pro¬ 
file  for  a  historic  flood  discharge  was  somewhat  higher  than  observed 
and  this  was  attributed  largely  to  reduced  hydraulic  capacity  of  the 
river  due  to  accelerated  development.  Backwater  computations  were  made 
for  a  range  of  both  natural  and  modified  floods  using  a  Manning’s  n 
of  0.05  for  channel  and  0.08  for  overbank.  Assumed  contraction  and 
expansion  loss  coefficients  were  0.3  and  0.5,  respectively. 

10.  NATICK  DIVERSION 

a.  General .  The  Natick  Diversion,  as  part  of  a  flood  system  for 
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the  main  stem  Pawtuxet  River,  would  divert  floodflows  from  the  Pawtuxet 
River  at  Nctick  (river  mile  9.75)  via  deep  rock  tunnel  to  Apponaug  Cove, 
a  distance  of  about  13,000  feet.  Plans  and  profiles  of  the  diversion 
structures  are  shown  on  plates  9  through  12.  Hydrologic  engineering 
features  of  the  various  components  of  the  proposed  diversion  are  dis¬ 
cussed  in  the  following  paragraphs.  Hydraulic  analysis  made  diring 
plan  formulation  was  general  in  scope.  More  detailed  analysis,  prob¬ 
ably  including  model  studies  of  some  of  the  more  complex  hydraulic 
structures,  will  be  required  in  final  design. 

b.  Diversion  tunnel.  The  tunnel  will  be  30  feet  in  diameter  and 
approximately  13,000  feet  long.  Depending  on  quality  of  rock  the 
tunnel  will  be  either  concrete-lined  or  smooth-bore  unlined  with  a  hy¬ 
draulic  roughness  comparable  to  concrete.  The  invert  of  the  tunnel  at 
the  upstream  end  will  be  -75  feet  msl  and  will  slope  at  0.0104  feet  per 
foot  to  elevation  -210  feet  msl  at  the  outlet.  With  the  design  dis¬ 
charge  of  13,000  cfs  the  velocity  of  flow  in  the  tunnel  will  be  18 
feet  per  second.  The  hydraulic  capacity  of  the  tunnel  was  computed 
using  a  Manning's  "n"  of  0.015. 

c.  Diversion  inlet.  The  inlet  to  thr-  tunnel  will  be  a  "morning 
glory"  type  spillway  atop  0-foot  diameter  vertical  steft.  The  in¬ 
let  will  he  located  in  the  Pawtuxet  River  just  downstream  of  the  exist¬ 
ing  Natick  dam.  The  lip  of  the  morning  glory  with  a  circumference 

of  121.9  feet  will  be  at  elevation  38  feet  msl  approximately 
10  feet  above  the  existing  riverbed.  Regulation 
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of  flows  to  the  diversion  will  be  accompliiied  by  the  construction  of  . 
a  regulating  dam  just  downstream  of  the  inlet.  This  dam  will  contain 
two  8x8  foot  regulating  gates  and  a  115  foot  long  emergency  overflow 
weir  at  elevation  48.0  feet  msl.  The  gated  outlets  will  permit  passage 
of  normal  fiverflows.  Closing  the  g-'tes  will  cause  the  water  rise  and 
enter  the  inlet  to  the  diversion  tunnel.  Throttling  the  gates  will 
allow  the  diversion  to  be  self  regulating  for  Pawtuxet  River  flood 
control.  The  lip  of  the  morning  glory  spillway  will  be  a  hydrualic 
control  for  flows  up  to  approximately  12,000  cfs,  with  a  required  head 
pool  elevation  at  the  inlet  of  about  43.5  feet  msl.  With  flows  greater 
then  approximately  12,000  cfs  the  inlet  will  become  submerged  by  tunnel 
backwater  and  the  hydraulic  control  will  switch  to  the  tunnel  outlet. 
With  the  head  pool  at  elevation  48  feet  msl,  the  diversion  will  be 
capable  of  discharging  13,000  cfs  for  all  tides  up  to  about  +10  feet 
msl.  Approximately  11,000  cfs  could  be  dverted  with  a  tide  as  high 
as  20  feet  above  msl.  Plans  of  the  inlet  are  shown  on  plates  10 
through  12. 

d.  Diversion  outlet.  The  outlet  of  the  diversion  tunnel  will  con 
si st  of  a  30- foot  diameter  vertical  shaft  transitioning  to  a  114-foot 
long  horizontal  apron.  A  plan  and  profile  of  the  outlet  is  shown  on 
plates  11  and  12.  The  outlet  end  sill  will  be  at  elevation  -4  feet 
msl  and  equipped  with  stop  log  piers  to  permit  evacuation  of  the 
tunnel  if  necessary.  Under  design  discharge  conditions,  and  for  all 
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tides  below  approximately  +10  feat  msl ,  the  90-foot  clear  span  between 
the  piers  on  the  end  sill  will  be  the  hydraulic  control.  Flows  exiting 
the  outlet  are  directed  away  from  shore  towards  the  existing  Federal 
navigation  channel  An  apron  of  riprap  will  be  placed  at  the  outlet 
exit  to  prevent  excessive  scour  from  diversion,  during  periods  of  low 
tide.  With  a  design  flow  of  13,000  cfs  the  velocity  in  the  vertical 
shaft  will  be  approximately  18  feet  per  second.  Water  surface  at  the 
top  of  the  shaft  would  rise  to  near  the  energy  gradient  of  +10.0  feet 
msl  and  then  drop  to  about  critical  depth  elevation  of  +6  feet  msl  through 
the  piers  on  the  outlet  sill.  Critical  depth  and  velocities  through  the 
piers  on  the  end  sill,  with  a  flow  of  13,000  would  be  approximately  9  feet 
and  18  feet  per  second,  respectively.  Head  loss  through  the  outlet 
structure,  including  one  velocity  head,  was  estimated  to  be  approximately 
7  feet. 


e.  Apponaug  Cove.  Outlet  discharges  from  the  diversion  tunnel 
will  flow  through  Apponaug  Cove  a  distance  of  approximately  4,500  feet 
tc  the  ocean.  Hydraulic  head  loss  and  velocities  through  the  cove  would 
be  a  maximum  with  diversion  during  low  tide.  Hydraulic  head  loss  and 
maximum  velocity  in  the  navigation  channel  through  the  cove  for  differ¬ 
ent  tides  and  diversion  rates  are  listed  in  table  10. 

f.  effects  of  Diversion.  The  effects  of  the  Natick  diversion  on 
downstream  flooding  on  the  Pawtuxet.  River  is  summarized  in  table  11. 
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TABLE  10 

APPONA'jn  COVE  HYDRAULICS 


Tide  Level 
(ft  mslT 

Diversion  Rate 

Head  Loss 
in  Cove 

Maximum 
Velocity  in 
Channel 

— refs'-  — 

~Tftj 

Tft/sec) 

Mean  low  wtter 

13,000 

3.0 

8.0 

-1.9 

8,000 

1.5 

5.5 

3,000 

0.4 

2.3 

Spring  tide 

+  3.6 

1 3 . 

0.4 

4.4 

8,000 

0.2 

2.7 

3,000 

Neql igihle 

1.0 

10-year  frequencv  tide 

+3.6 

13, OQn 

0.2 

2.7 

H.ono 

Neql iqible 

1.0 

3,000 

Neil i qi bl e 

0.  t 

T 


EFFECTS  OF  NATICK  DIVERSION 


Flood  levels  would  be  generally  reduced  from  3  to  6  feet  and  the 
standard  project  flood  would  be  reduced  generally  from  5  to  10  feet. 
Modified  flood  profiles  are  shown  on  plate  2.  Modified  flood  stages 
a-'d  frequencies  downstream  of  the  diversion  are  a  function  of 
(1)  hurricane  tides,  (2)  runoff  from  the  downstream  uncontrolled 
watershed  area,  and  (3)  some  spillage  at  the  diversion  during  the 
rarest  of  floods.  The  modified  profiles  were  determined  by  back¬ 
water  computations  using  the  modified  flood  discharges. 

11.  WARWICK  LOCAL  PROTECTION  (Warwick  Ave  Area) 

a.  General .  As  previously  discussed,  properties  on  the  Pawtuxet 
River  flood  plain  near  the  mouth  of  the  river  are  susceptible  to  flood¬ 
ing  from  either  abnormal  tides  in  Narraganset  Bay  or  fresh  water  flows 
of  the  river.  The  Natick  diversion  will  greatly  reduce  the  frequency 
and  magnitude  of  fresh  water  flooding  but  the  Warwick  Ave  Area  Local 
Protection  Project  is  required  to  protect  the  Warwick  Industrial  Park 
against  residual  tidal  and  fresh  water  flooding.  The  project  consists 

of  about  6,000  linear  feet  of  dikes  and  walls,  2  street  opening  structures, 
approximately  1,000  feet  of  channel  relocation,  and  two  pumping  stations 
for  removal  of  interior  drainage.  The  project  will  provide  protection 
to  approximately  150  acres  of  industrial  and  commercial  areas. 

b.  Design  Flood  Criteria.  The  dikes  and  walls  were  designed  to 
protect  against  the  severest  of  the  following  criteria:  (a)  a  modified 
standard  project  flood  on  the  river  coincident  with  a  100-year  frequency 
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tide  In  the  bay  and  (b)  a  standard  project  tide  in  Narraganset  Bay. 

A  general  plan  of  the  project  is  shown  on  Plate  13. 

The  design  tide  levels  upstream  of  the  Pawtuxet  dam  were  reduced 
2  feet  from  those  in  Narraqanset  Bay  to  reflect  the  modifying  effect 
of  the  dam  as  was  discussed  in  Section  5c.  The  standard  project  and 
100-year  frequency  tides  in  the  bay  are  20.5  and  16  feet  msl,  respec¬ 
tively;  therefore,  comparable  levels  upstream  of  the  dam  are  18.5  and 
14  feet  msl,  respectively.  The  governing  criteria  for  the  dikes  and 
walls  were,  for  the  most  part,  the  standard  project  tide  level  of  18.5 
feet  msl.  The  design  flood  level  for  the  project  varied  from  18.5 
feet  msl  at  the  downstream  end  of  the  protection  to  22  feet  msl  at  the 
upstream  end.  Design  flood  profiles  are  shown  on  plates  14  and  15. 

c.  Freeboard.  Freeboard  is  defined  as  the  vertical  distance 
measured  from  the  design  water  surface  to  the  top  of  dike  or  wall. 
Freeboard  is  provided  to  ensure  that  the  desired  degree  of  protection 
will  not  be  reduced  by  unaccounted  factors. 

The  dikes  and  concrete  walls  for  the  Warwick  Ave  area  local  protec¬ 
tion  were  designed  to  provide  3  and  2  feet  of  freeboard,  respectively. 
Less  freeboard  is  provided  with  concrete  walls  due  to  their  greater  resis 
tance  to  failure  If  some  overtopping  were  to  occur.  Building  walls 
slightly  lower  than  the  dikes  also  permit  overtopping  of  walls  before 
dikei;  thereby  serving  as  a  relief  valve  in  the  event  of  a  flood 
greater  than  design. 
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d.  Velocities.  Maximum  flow  velocities  in  the  river  channel 
along  the  line  of  protection  would  occur  during  high  flows  in  the 
river  and  normal  tides  in  the  bay.  Maximum  velocities  with  a  modified 
standard  project  discharge  of  12,800  cfs  would  range  from  5  to  7  feet 
per  second.  The  riverside  slopes  of  the  protective  dikes  will  be  pro¬ 
tected  by  riprap  designed  to  withstand  the  tractive  forces  that  would 
be  produced  by  the  modified  design  flood. 

e.  Effect  of  project  on  river  hydraulics.  During  flood  periods 
when  dishcarges  and  stages  in  streams  are  increasing,  those  flows  en¬ 
tering  flood  plain  areas  are  temporarily  stored  until  the  recession 
period  of  the  flood.  The  effect  of  this  temporary  storage  is,  to  lag 
and  reduce  the  flood  peak  as  it  progresses  downs tram.  When  flood 
plain  storage  is  lost  by  the  building  of  dikes,  the  flows  that  would 
normally  enter  the  storage  areas  must  either  move  into  adjoining  stor¬ 
age  areas  or  move  on  through  the  reach  causing  increased  flood  discharges 
downstream,  at  least  during  the  rising  period  of  the  flood.  Historically 
flood  stages  on  the  lower  Pawtuxet  River  have  risen  at  rates  up  to  one- 
sixth  foot  per  hour.  The  two  local  protection  projects  will  remove 
approximately  200  acres  of  flood  plain,  therefore,  this  rate  of  rise 

of  water  over  the  protected  area  would  represent  a  flow  rate  of  400  cfs. 
Using  the  above  analogy  it  was  concluded  that  peak  discharges  would 
not  be  increased  mor^  than  5  percent  by  the  dikes  and  since  the  diver¬ 
sion  will  reduce  flows  by  approximately  50  percent  in  the  area  of  the 
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dikes,  the  net  effect  of  both  the  diversion  and  local  protective  dikes 
would  be  at  least  a  45  percent  reduction  in  flows. 


f.  Interior  Drainage. 

(1)  General .  The  line  of  protection  of  the  Warwick  Ave  area  LPP  w-j]] 
intercept  the  runoff  from  approximately  710  ao'es  of  interior  area. 

Gravity  outlets,  a  collector  drain,  pressure  conduit  and  a  pumping 
station  are  included  as  an  integral  part  of  the  project  for  conveying 
interior  drainage  to  the  river. 

(2)  Drainage  Areas.  The  total  710  acres  of  interior  area 
can  best  be  analyzed  as  3  subareas.  Subarea  1  is  a  110  acre  area 
located  upstream  of  Warwick  Avenue  extending  to  the  upper  end  of  the 
project.  This  area  is  mostly  residential  with  an  average  slope  of 
about  2  percent  draining  to  the  highly  industrial  and  very  flat  area 
lying  right  along  the  river.  Subarea  2,  150  acres  in  size,  is  generally 
outlined  by  Warwick  Avenue  on  the  west,  Boston  Post  Road  on  the  south 
and  the  Pawtuxet  River  on  the  northeast.  This  area  is  extremely  flat 
having  practically  no  drainage  relief.  The  one  existing  open  channel 
drain  passing  through  serves  much  of  the  area. 

Subarea  3,  an  independent  450  acres  of  watershed  lying  south 
of  Boston  Post  Road,  is  drained  by  an  unnamed  brook  and  outleting  to 
the  Pawtuxet  River  near  the  downstream  end  of  the  proposed  line  of 
protection.  Subarea  3  is  long  and  narrow  with  an  average  slope  of 
about  0.6  percent.  There  are  two  natural  ponds  in  the  upper  part  of 
this  watershed  which  serve  to  retard  runoff  from  short  duration  high 

intensity  storms. 
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Delineation  of  the  subareas  is  shown  on  plate  13 


Estimated  10-  and  100-year  frequency  discharges  for  the  sub- 
areas  are  listed  below.  Discharge  values  were  computed  ty  multiply¬ 
ing  the  discharge  frequencies  develoned  for  the  entire  local  area  below 
the  Cranston  gage  by  the  ratio  of  contributing  drainage  area  taken  to 
the  0.7  power.  The  computed  discharge  frequencies  cwpared  favorably 
with  results  obtained  using  methods  presented  in:  "Flood  Magnitude  and 
Frequency  of  Massachusetts  Streams,"  Open-File  Report  Number  84-131, 
U.S.  Department  of  the  Interior,  Geological  Survey,  March  1974. 


Subarea 

1 

Subarea 

2 

Subarea 

3 

Drainage  Area  (acres) 

no 

150 

450 

10  Year  Q 

(cfs) 

37 

46 

100 

100  Year  Q 

(cfs) 

80 

100 

214 

It  is  noted  that  the  discharge  frequencies  represent  estimated 
runoff  from  a  watershed  with  widespread  shallow  puddling  during  intense 
rainfall.  This  condition  currently  exists  and  will  presumably  exist 
in  the  future  due  to  the  minimal  drainage  relief  in  the  area.  This 
shallow  ponding  will  be  restricted  to  parking  lofe  and  undeveloped 
areas  in  the  future  through  proper  zoning. 

(3)  Site  limitations.  The  elevation  of  most  of  the  land 
along  the  land  side  of  the  dikes  and  walls  is  very  low  relative  to 
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the  normal  level  of  the  Pawtuxet  River.  The  normal  level  of  the  river 
is  about  +5  feet  msl  and  most  of  the  land  is  between  elevations  8  and 
10  feet  msl.  This  site  limitation  makes  impractical  the  installation 
of  large  underground  collector  drains.  Such  drains  would  remain  filled 
with  water  without  continuous  and  costly  pumping.  Tor  this  reason  it 
is  planned  to  provide  a  shallow  trapezoidal  channel  section  along  the 
land  side  of  the  dike  which  will  serve  both  as  a  temporary  detention 
area  and  a  means  of  conveying  flows  to  one  centrally  located  pumping 
station.  It  will  be  specified  in  t,ho  local  assurances  that  no  building 
be  allowed  in  the  protected  area  with  first  floor  grades  below  eleva¬ 
tion  12.0  feet  msl. 

(4)  Gravity  outlets.  Gravity  outlets  will  be  provided  through 
the  line  of  protection  capable  of  discharging  the  peak  100-year  fre¬ 
quency  runoff  with  a  normal  river  stage. 

(5)  Marwick  Ave  Area  pumping  Station  #1.  Warwick  pumping  station 
#1  will  be  designed  to  discharge  the  10-year  frequency  interior  runoff 
against  a  design  river  stage.  The  pumping  station  will  have  a  design 

i 

!  capacity  of  80  cfs,  the  10-year  peak  runoff  from  subareas  1  and  2. 

| 

|  (6)  Marwick  Ave  Area  pumping  station  #2.  Subarea  3  will  nor- 
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mally  discharge  by  gravity  to  the  river  through  a  gated  outlet  in  the 
line  of  protection  at  a  site  near  its  present  outlet.  However,  pumping  sta¬ 
tion  #2  will  be  provided  at  the  site  so  that  during  hurricant  tides  the 


gravity  outlet  can  be  closed  and  the  interior  runoff  can  be  pumped. 

The  gravity  outlet  will  be  designed  to  discharge  the  100-year  frequency 
discharge  of  210  cfs  with  a  normal  river  stage.  Pumping  station  #2 
will  be  designed  with  a  10-year  frequency  peak  runoff  capacity  of  100 
cfs. 


A  pressure  conduit  system  in  lieu  of  a  pumping  station  for 
subarea  3  was  investigated  but  was  found  to  provide  small  savings  in 
cost.  Further  interior  drainage  analysis  will  be  performed  during 
detailed  design. 

12.  WARWICK  LOCAL  PROTECTION  (Elmwood  Ave  Area) 

a.  General .  The  Elmwood  Ave  Area  Local  Protection  Project  will  be 
built  to  protect  approximately  43  acres  of  mostly  residential  property 
from  residual  Pawtuxet  River  flooding.  The  project  will  consist  of 
about  4,700  linear  feet  of  dike,  400  feet  of  wall,  and  interior  drainage 
facilities  including  one  pumping  station.  A  plan  of  the  project  is 
shown  on  plate  16. 

b.  Design  Flood.  The  project  will  be  designed  to  provide  three 
feet  of  freeboard  above  the  standard  project  flood  level  of  the  Pawtuxet 
River  as  modified  by  the  proposed  upstream  Natick  diversion.  Height 

of  protection  will  vary  from  elevation  26  feet  mean  sea  level  at  the 
downstream  end  of  the  dike  to  elevation  27  feet  mean  sea  level  at  the 
upstream  end.  Design  profiles  are  shown  on  plate  17.  The  modified 
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SPF  discharge  at  the  project  site  is  12,000  cfs. 

c.  Velocities.  Maximum  velocities  in  the  river  channel  along 
the  line  of  protection  with  a  modified  SPF  discharge  would  range  from 
three  to  five  feet  per  second.  The  riverside  slopes  of  the  protective 
dikes  will  be  protected  by  rip  rap  designed  to  withstand  the  tractive 
forces  produced  by  the  design  flood. 

d.  Effects  of  Project  on  River  Hydraulics.  For  information  on 
the  effects  of  the  Elmwood  Ave  area  project  on  the  hydraulics  of  the 
Pawtuxet  River,  reference  is  made  to  paragraph  lie. 

e.  Interior  Drainage.  The  dikes  and  walls  at  the  Elmwood  Avp  Area 
LPP  will  intercept  runoff  from  a  total  of  approximately  150  acres  of 
interior  area.  No  detailed  analysis  was  made  for  interior  drainage, 
but  for  costing  purposes  it  was  assumed  that  drainage  from  the  upper 

35  acres  of  area  lying  south  of  2nd  Avenue  would  be  discharged  to  the 
river  through  a  48-inch  diameter  pressure  conduit,  and  a  pumping  station 
would  be  provided  for  the  remaining  lower  65  acres  of  interior  area.  The 
pumping  station  and  pressure  conduit  were  designed  to  pass  a  10  year 
storm  runoff  against  the  design  river  stage,  resulting  in  design  capacities 
of  105  and  135  cfs,  respectively.  Gravity  drains  through  the  dike 
were  designed  to  discharge  the  100  year  storm  runoff  with  a  normal  river 
stage.  Discharges  were  computed  using  the  Rational  formula  with  a 
coefficient  of  0.5  and  a  time  of  concentration  of  30  minutes.  More 
detailed  analysis  of  interior  drainage  will  be  required  during  final 
design. 
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13.  PAWTUXET  RIVER  WATER  QUALITY 

The  Pawtuxet  River  is  an  intrastate  stream  that  has  been  assigned 
a  B  classification  by  the  state  of  Rhode  Island.  State  prescribed 
standards  for  Class  B  water  designate  that  it  shall  have  good  aesthetic 
quality  and  that  it  be  suitable  for  water  supply  with  appropriate 
treatment,  waterborne  recreation,  fish  and  wildlife  habitat,  agricul¬ 
tural  usages,  industrial  processes  and  cooling. 

Class  B  water  quality  standards  require  that  the  dissolved  oxygen 
concentration  be  a  minimum  of  5  mg/1  at  any  time  and  at  least  75 
percent  saturated  for  16  hours/day.  Col i form  bacteria  are  not  to  ex¬ 
ceed  a  median  value  of  1,000  colonies/100  ml  nor  more  than  2,400  in 
more  than  20  percent  of  the  samples  collected.  These  waters  are  also 
to  be  free  from  concentrations  of  chemical  constituents  and  radioactive 
material  which  would  be  harmful  to  human,  animal  or  aquatic  life. 

The  pH  range  is  always  to  be  within  6.5  to  8.0  standard  units  and  any 
increases  in  temperature,  color,  turbidity,  taste  and  odor  will  be 
such  that  they  will  not  impair  any  of  the  above  mentioned  usages. 

The  quality  of  water  for  a  prescribed  distance  downstream  from 
waste  treatment  facilities,  until  complete  mixing  is  accomplished,  does 
not  affect  the  usage  class  adopted. 

The  New  England  Division  initiated  a  water  quality  sampling 
program  in  the  Pawtuxet  River  basin  during  September  1975.  The  purspose 
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of  the  program  was  to  develop  a  data  base  with  which  to  evaluate  the 
water  quality  effects  of  the  proposed  diversion  of  flood  waters  from 
the  Pawtuxet  River  on  the  marine  environment  of  Apponaug  Cove  and 
Greenwich  Bay,  Rhode  Island.  Two  sampling  stations  were  located  on 
the  main  stream  Pawtuxet  River  and  one  each  on  the  North  Branch  and 
South  Branch  tributaries.  Collection  and  analysis  of  the  samples  was 
performed  for  the  Corps  by  the  U.S.  Environmental  Protection  Agency 
laboratories  in  Kingston,  Rhode  Island  and  Needham,  Massachusetts. 

The  water  quality  data  for  each  of  the  stations  are  presented  on  tables 
12  through  15. 

Evaluation  of  these  data  indicates  that  the  quality  of  water 
measured  during  the  nine  month  sampling  program  does  not  meet,  the 
prescribed  state  stream  standards.  However,  it  is  expected  that 
implementation  of  the  State  of  Rhode  Island's  pollution  abatement 
program  will  produce  acceptable  water  quality  levels  by  1983,  as  re¬ 
quired  by  federal  Public  Law  92-500. 
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PAWTUXET  RIVER 
WATER  QUALITY  DATA 

STATION  2:  PROVIDENCE  STREET ,  WEST  WARWICK 


TABLE  14 


•Average  dally  flow  at  Cranston  Gage,  Pawtuxet  River 
••Averate  of  two  values 

K  *  less  than  j  =  estimated 
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SUPPLEMENTAL 
HYDROLOGIC  ANALYSIS 
FOR 

PAWTUXET  RIVER  FLOOD  CONTROL 

1.  PURPOSE  AND  BACKGROUND 

This  report  presents  hydrologic  ^formation  and  analysis  sup¬ 
plemental  to  that  contained  in  a  July  1975  report  entitled: 

"Pawtuxet  River  Flood  Control  -  Hydrologic  Analysis",  which  was 
later  distributed  under  the  title:  "Planning  Aid  Report  - 
Hydrologic  Analysis".  The  original  report  presented  data,  descrip¬ 
tion  and  hydrologic  engineering  analysis  relative  to  a  comprehen¬ 
sive  flood  control  plan  for  the  lower  Pawtuxet  River.  The  compre¬ 
hensive  plan  included  a  facility  for  diverting  floodflows  via 
tunnel  from  the  Pawtuxet  River  in  Natick  to  the  ocean  at  Apponaug 
Cove  in  Greenwich  Bay.  This  diversion  would  have  provided  a  high 
degree  of  flood  control  along  the  lower  10  miles  of  the  highly 
developed  reach  of  the  river.  A  second  feature  of  the  comprehensive 
plan  involved  the  construction  of  walls  and  dikes  in  Warwick,  near 
the  nouth  of  the  river,  to  protect  an  industrial  and  residential 
area  against  residual  tidal  and  riverine  flooding. 

The  comprehensive  plan  as  proposed  by  the  Corps  of  Engineers  was 
not  well  received  by  the  public  due  mainly  to  the  massiveness  of 
the  plan,  the  overall  cost,  and  possible  environmental  impact  of  the 
diversion  on  the  receiving  waters  of  Greenwich  Bay. 


This  supplemental  report  concerns  a  compromise  plan  which 
deletes  the  Natick  diversion  and  consists  only  of  the  Warwick  local 
protective  works  built  to  the  higher  e.i.c  v,.tion  required  by  delotion 
of.  the  upstream  diversion.  As  an  added  feature  the  compromise,  plan 
would  include  flood  control  storage,  in  addition  to  water  supply 
storage,  in  "Big  River",  a  water  supply  reservoir  planned  by  the 
State  of  Rhode  Island  at  a  site  in  the  South  Branch  watershed  of 
the  Pawtuxet  River  basin. 

All  hydrologic  description,  climatology  and  analysis  of  floods 
presented  in  the  original  report  remains  relevant.  This  report  pre¬ 
sents  only  supplemental  hydrologic  analysis  pertinent  to  the  compro¬ 
mise  plan.  Included  are  sections  on  the  Big  River  reservoir,  the 
Warwick  local  protection  projects,  and  other  pertinent  discussion. 

All  hydrologic  analyses  performed  has  been  of  general  scope 
Intended  only  as  a  general  base  for  conceptual  planning,  costing, 
and  initial  decision  making.  More  detailed  analysis  would  be  re¬ 
quired  in  any  final  design. 

2.  BIG  RIVER  RESERVOIR 

a.  General.  Big  River  reservoir,  as  planned  by  the  State  of 
Rhode  Island,  will  be  constructed  on  the  Big  River,  a  tributary  to 
the  South  Branch  of  the  Pawtv  .et  River.  It  will  be  a  water  supply 
reservoir,  interconnected  with,  and  supplementing  the  existing 
Providence  regional  water  supply  system.  it  is  intended  that  waters 
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will  be  diverted,  during  high  flow  seasons,  from  the  Wood  River  in 
the  Pawcatuck  River  basin  and  the  Moosup  River  in  the  Thames  River 
basin  to  the  Big  River  storage.  The  Big  River  storage  will,  in 
turn,  divert  to  the  existing  Scituate  Reservoir  located  on  the  North 
Branch  of  the  Pawtuxet.  Lands  for  the  project  have  been  purchased 
by  the  State  and  preliminary  engineeiing  is  complete.  Dates  for 
the  initiation  of  final  design  and  construction  are  indefinite. 

b.  Pertinent  Data.  Following  is  a  list  of  pertinent  data  on 
the  Big  River  Reservoir,  as  planned  by  the  State  of  Rhode  Island. 
Location  of  the  project  is  shown  on  plate  1.  With  a  contributing 
watershed  of  29.7  square  miles  and  a  pool  area  of  3,500  acres,  flood 
control  storage  equivalent  to  6  inches  of  runoff  from  the  watershed 
can  be  provided  by  raising  the  spillway  crest  by  about  2.7  feet  to 
elevation  302.7  feet  msl.  Top  of  dam  would  be  raised  accordingly 
from  310  to  313  feet  msl. 


PROPOSED 

BIG  RIVER  RESERVOIR 
PERTINENT  DATA 


Locat ion : 

Drainage  area: 

Water  supply  storage: 

Water  supply  pool  elevation: 
Full  pool  surface  area: 

Approximate  height  of  dam: 

Top  of  dam  for  water  supply: 
Spillway  length: 

Full  pool  with  flood  control: 
Flood  control  storage: 

Spillway  crest: 

Design  surcharge: 

Freeboard : 

Top  of  dam  with  flood  control: 


West  Greenwich,  Rhode  Island 

29.7  square  miles 

86.500  acre-feet 
300  feet  msl 

3.500  acres 

70  feet 
310  feet  msl 
400  feet 

302.7  feet  msl 

9.500  acre-feet 

302.7  feet  msl 
5.3  feet 
5.0  feet 
313  feet  msl 
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c.  Flood  Reductions.  Providing  9,500  acre-feet  of  flood  con¬ 
trol  storage  in  Big  River  reservoir  will  be  sufficient  to  control 
flood  runoff  from  its  29.7  square  mile  watershed;  however,  the 
watershed  controlled  represents  only  about  12  percent  of  the  total 
Pawtuxet  River  watershed,  therefore,  resulting  flood  reductions  on 
the  main  stem  Pawtuxet  are  quite  limited,  i'  a  potential  reduction 
will  vary  depending  on  the  type  of  flood  development,  antecedent 
conditions,  and  the  storm  orientation  over  the  basin.  Table  1  lists 
the  representative  percent  reductions  in  floodflows  provided  by  Big 
River  at  selected  index  stations  on  the  South  Branch  and  main  stem 
Pawtuxet  River.  Reductions  in  the  March  1968,  July  1938  and  standard 
project  flood  by  Big  River  reservoir  are  presented  in  table  2. 

Natural  peak  discharge  frequencies,  taken  from  the  previous  hvdrologic 
report  are  shown  in  table  3,  and  on  plate  2.  Development  of  the 
March  1968  flood  and  the  standard  project  flood  are  shown  on  plates 
3  and  4,  respectively.  A  profile  of  the  South  Branch  of  the  Paw¬ 
tuxet  River  is  shown  on  plate  5. 

TABLE  1 

TYPICAL  PERCENT 
REDUCTIONS  IN  FLOODFLOWS 
BY  BIG  RIVER  RESERVOIR 


Location 

Drainage  Area 

Percent  Reduction 

(square  miles) 

South  Branch  at  Washington  Gage 

63.8 

50 

Natick  Dam 

180 

25 

Cranston  USGS  gage 

200 

20 

Warwick  Avenue 

228 

10 
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EFFECTS  OF  BIG  RIVER  RESERVOIR 
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1.  MODIFIED  WARWICK  LOCAL  PROTECTION 
a.  Warwick  Avenue  Area 

(1)  General.  The  compromise  plan  for  protective  works 
along  the  Pawtuxet  River  in  the  Warwick  Avenue  area  remains  concep¬ 
tually  the  same  as  that  for  the  coii>orehensive  flood  plan,  except, 
the  height  of  protection  has  been  raised.  This  increase  in  height 
was  necessary  to  provide  protection  against  the  larger  standard 
project  flood  resulting  with  a  deletion,  from  the  plan,  of  the  up¬ 
stream  Natick  diversion.  A  plan  of  the  Warwick  Avenue  area  is  shown 
on  plate  6. 

(2)  Design  discharge.  The  protective  works  at  Warwick 
Avenue  would  be  designed  to  protect  against  a  peak  Pawtuxet  flow  of 
20,000  cfs.  This  is  the  resulting  standard  project  flood  discharge 
after  modification  of  the  natural  peak  of  23,000  cfs  by  the  planned 
Big  River  project.  The  new  SPF  flow,  as  modified  by  Big  River,  is 
57  percent  greater  than  the  SPF  flow  as  modified  by  the  Natick  di¬ 
version  proposed  In  the  original  comprehensive  flood  control  plan. 

(3)  Profiles.  Flood  profiles  were  computed,  as  described 
in  the  original  hydrologic  analysis  report,  using  a  minimum  of  sur¬ 
veyed  cross  sections  in  the  HEC-2  computer  program.  Backwater  com¬ 
putations  were  made  using  a  Manning's  "n"  of  0.05  for  channel  and 
0.08  for  overbank.  Assumed  contraction  and  expansion  loss  coeffi¬ 
cients  were  0,3  and  0.5,  respectively. 
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Computed  river  profiles  for  various  flood  conditions  including 
design  water  surface  are  illustrated  on  plate  9.  The  design  water 
surface  profile  is  also  shown  on  plates  /  and  8. 

(4)  Velocities .  Under  design  flood  conditions,  with 
the  Warwick  Avenue  local  protective  works  in  place,  maximum  flow 
velocities  would  be  in  the  order  to  6  to  8  feet  per  second.  These 
maximum  velocities  would  occur  with  a  design  discharge  in  the  river 
and  a  normal  tide  in  the  bay.  The  riverward  side  of  earthen  dikes 
would  be  riprap  protected  for  a  tractive  force  of  about  0.7  lb/ft^, 
resulting  from  maximum  design  velocities.  Though  tractive  forces 
are  low,  the  adopted  minimum  will  not  be  less  than  1.0  foot. 

(5)  Freeboard .  Earthe-n  dikes  and  concrete  walls  would 
be  designed  to  provide  3  feet  and  2  feet  of  freeboard,  respectively. 
Freeboard  is  the  vertical  distance  from  the  computed  design  water 
surface  to  the  top  of  protective  works,  and  is  provided  to  protect 
against  uncertainties  and  unaccounted  factors  in  the  computation 

of  the  design  profile.  Less  freeboard  is  provided  with  concrete 
walls  due  to  their  greater  resistance  to  failure  if  some  overtopping 
should  occur.  Building  walls  slightly  lower  than  the  dikes  also 
permit  overtopping  of  walls  before  dikes,  thereby  serving  as  a  re¬ 
lief  valve  In  the  event  of  a  flood  greater  than  design. 

(6)  Height  of  protection.  The  height  of  protection 
required  to  protect  against  a  standard  project  floodflow,  as  mod¬ 
ified  by  Big  River  reservoir,  is  shown  on  plates  7  and  8.  The 
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level  of  protection  was  based  on  protecting  against  the  severest  of 
either:  (a)  the  SPF  river flow  with  a  100-year  storm  tide  or  (b)  a 

standard  project  tidal  backwater  in  the  reach.  A  standard  project 
riverflow  coincident  with  a  standard  project  tide  was  considered 
too  remote  for  design. 

The  present  plan  of  protection  .a  the  Warwick  Avenue  area  is 
about  2  feet  higher  at  the  downstream  end  and  4  feet  higher  at  the 
upstream  end,  than  the  height  of  protection  originally  required  in 
the  comprehensive  flood  control  plan  with  the  upstream  Natick  diver¬ 
sion. 

(7)  Interior  drainage.  The  plan  of  protective  works 
for  the  Warwick  Avenue  area  would  intercept  interior  runoff  from  a 
total  of  710  interior  acres.  This  total  is  comprised  of  subareas 
1,  2,  and  3  with  areas  of  110,  150,  and  450  acres,  respectively. 

For  costing  purposes  it  was  assumed  that  one  pumping  station  would 
serve  subareas  1  and  2  and  a  second  station  would  be  installed  to 
discharge  runoff  from  subarea  3  during  flood  periods.  Subarea  3 
consists  of  450  acres  of  watershed  lying  south  of  the  Boston  Post 
Road  which  outlets  to  the  Pawtuxet  River  near  the  downstream  end  of 
the  proposed  line  of  protection.  It  is  now  believed  that,  in  any 
final  design  a  refinement  may  be  possible,  whereby  the  line  of  pro¬ 
tection  can  be  "wrapped  around"  at  the  downstream  end  and  tied  into 
high  ground  along  the  north  side  of  the  drainage  outlet  from  sub- 
area  3.  Such  a  refinement  would  thus  eliminate  the  need  for  the  100 


cfs  pumping  station  3.  This  refinement  appears  both  practical  and 
feasible  and  would  be  pursued  further  in  any  final  design,  however. 


for  present  costing  analysis  the  pumping  station  has  been  retained. 

Subareas  1  and  2,  as  described  in  the  earlier  hydrologic  analy¬ 
sis  report  are  located  adjacent  to  the  river  and  are  very  flat  and 
low  in  elevation  with  respect  to  the  normal  river  level.  High 
rates  of  runoff  are  not  experienced  from  these  areas  due  to  their 
flat  gradients  and  puddling  occurs  throughout  the  areas  during  in¬ 
tense  rainfall.  Such  temporary  ponding  of  interior  drainage  must 
be  expected  and  provided  for  under  future  improved  conditions.  To 
accomplish  this  a  low  area  along  the  toe  of  the  dike  would  be  re¬ 
graded  and  preserved  for  temporary  ponding  and  it  would  be  specified 
in  local  assurances  that  no  buihding  be  allowed  in  the  protected 
area  w’ith  first  floor  grades  below  elevation  12.0  feet  msl .  This 
zoning  will  prevent  serious  flood  damages  during  very  in- vcquent 
more  extensive  ponding.  Minimum  elevations  in  the  protection  area 
would  be  about  elevation  8.0  feet  msl  and  approximately  60  acre- 
feet  of  storage  could  take  place  between  elevations  8  and  12  feet 
msl.  Though  it  might  appear  that  ponding  capacity  was  adequate 
for  the  control  of  interior  runoff,  an  80  cfs  pumping  station  has 
been  included  to  prevent  the  need  for  long  term  ponding  of  interior 
runoff  because  of  the  lowness  of  the  area  with  respect  to  the  river. 
The  adopted  80  cfs  pump  capacity  is  equivalent  to  a  runoff  rate  of 
about  one-third  inch  per  hour  from  the  260  acre  interior  area.  More 
detailed  studies  would  be  required  in  final  design  to  determine  the 
optimum  combination  of  pump  size  and  land  takings  for  ponding,  hov- 
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ever,  the  selected  plan  is  considered  adequate  for  costing  purposes 
and  conceptual  planning. 

b.  Elmwood  Avenue  Area 

(1)  General .  The  plan  for  the  Elmwood  Avenue  segment  of 
the  Warwick  local  protection  project  remains  basically  unchanged, 
except  that  a  considerably  higher  level  of  protection  is  required 
with  the  abandonment  of  the  comprehensive  upstream  Natick  diversion 
plan. 

(2)  Design  discharge.  The  Elmwood  Avenue  area,  shown  on 
plate  10,  will  be  protected  against  a  design  flow  in  the  Pawtuxet 
of  18,500  cfs,  which  is  the  SPF  flow,  as  modified  by  Big  River 
reservoir.  The  natural  SPF  without  Big  River  is  21,300  cfs.  The 
current  design  flow  of  18,500  cfs  is  55  percent  greater  than  the 
original  res;.dual  flow  with  the  contemplated  Natick  diversion  plan. 

(3)  Profiles.  Profiles  for  the  Elmwood  area  shown  on 
plate  11  were  computed  by  backwater  using  the  same  procedure  as  for 
the  Warwick  area.  The  methodology  for  profile  determination  is 
discussed  under  paragraph  3a(3)  of  this  report  as  well  as  in  the 
original  Hydrologic  Analysis  report.  Computed  river  profiles  for 
various  flood  conditions  including  a  design  water  surface  profile 
are  illustrated  on  plate  9. 

(4)  Velocities.  Velocities  in  the  river  under  present 
design  flow  conditions  will  be  in  the  order  of  5  to  7  feet  per 
second.  All  exposed  earthen  dikes  will  be  riprap  protected 


against  a  resulting  design  tractive  force  of  0.7  lb/ft^.  Though 
tractive  forces  are  low  the  adopted  D^q  minimum  will  not  be  less 
than  1.0  foot. 

(5)  Freeboard.  Freeboard  criteria  at  Elmwood  would  be  the 
same  as  the  Warwick  Avenue  area  which  is  discussed  In  paragraph 
3a(5)  of  this  report. 

(6)  Height  of  protection.  The  abandonment  of  the  upstream 
Natick  diversion  concept  has  a  marked  effect  on  the  design  flow  at 
Elmwood  and  as  a  result  requires  a  considerable  increase  in  height 
of  protection.  Required  increases  in  height  of  protection  vary  from 
about  4  feet  at  the  downstream  end  of  the  protective  works  to  5 
feet  at  the  upstream  end.  Present  design  heights  of  protection  are 
indicated  on  plate  11. 

(7)  Interior  drainage.  The  protective  works  in  the  Elm¬ 
wood  Avenue  area  would  intercept  interior  drainage  from  about  150 
acres.  As  discussed  in  the  original  hydrologic  analysis  rDnort , 

it  is  contemplated  that  runoff  from  about  85  acres  or  60  percent  of 
the  area  can  be  intercepted  and  conveyed  to  the  river  via  pressure 
conduit.  The  remaining  drainage  will  be  intercepted  along  the  line 
of  protection  and  conveyed  to  a  pumping  station  for  discharge  to 
the  river  during  flood  periods.  Gated  gravity  outfalls  will  be 
provided  for  discharge  during  normal  periods.  Gravity  outfalls 
would  be  designed  for  a  100-year  frequency  storm  runoff. 
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The  pumping  station  for  the  Elmwood  Avenue  area  was  sized  at 
105  cfs  for  costing  and  planning  purposes.  This  capacity  is  equiv¬ 
alent  to  a  runoff  rate  of  0.6  inch  per  hour  from  the  residual  65 
acres  of  low  level  area.  As  stressed  in  comments  from  OCE,  dated 
21  March  1977,  more  extensive  studies  would  be  required  in  any  final 
design  to  determine  the  optimum  pump  size  versus  interior  ponding 
to  be  permitted.  Such  studies  would  require  further  land  surveys 
to  better  establish  the  interior  stage-storage  capacity  charac¬ 
teristics.  However,  much  of  the  flood  prone  properties  are  resi¬ 
dential  in  which  flood  damages  would  be  extensive  with  any  appre¬ 
ciable  ponding.  It  has  therefore  been  concluded  that  extensive  pond¬ 
ing  would  not  be  permissible  and  a  pumping  station  must  be 
included  as  an  integral  component  of  any  local  protective  works 
considered  for  the  area. 

4.  DISCUSSION 

a.  General.  Flood  control  on  the  Pawtuxet  River  has  long  been 
a  subject  of  varying  opinions  relating  to  economic,  social,  en¬ 
vironmental  as  well  as  hydrologic  considerations.  This  compromise 
plan  of  improvement  is  the  result  of  many  often  opposing  opinion's. 
Some  of  the  more  pertinent  hydrologic  features  of  this  plan  as 
well  as  other  plans  considered,  are  briefly  discussed  in  the  fol¬ 
lowing  paragraphs. 
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b.  Limitations  of  Compromise  Plan.  The  compromise  Pawtuxet 
River  flood  control  plan  would  provide  a  high  degree  of  protection 
to  two  localized  areas  totaling  approximately  200  acres  of  flood 
prone  land.  One  being  a  commercial-industrial  park  area  and  thi. 
other  highly  residential.  The  plan  further  recommends  including 
flood  control  storage  in  the  future  Big  River  water  supply  reservoir. 
However,  it  must  be  stressed  that  flood  reductions  provided  by  this 
storage  in  the  lower  Pawtuxet  basin  are  quite  limited,  generally 
less  than  one.  foot.  Therefore  caution  must  be  exercised  to  prevent 
the  populace  of  the  flood  plain,  outside  the  protected  areas,  from 
adopting  a  false  sense  of  security.  Reductions  in  flow  and  stage 
attributable  to  Big  River  are  ahown  in  table  2  and  plate  9. 

c.  Effects  of  Improvements.  The  dikes  and  walls  of  the  com¬ 
promise  plan  will  be  designed  for  a  significantly  greater  flow, 
than  with  the  comprehensive  plan,  where  local  protection  was  re¬ 
quired  only  for  residual  flows  downstream  of  the  then  proposed 
Natick  diversion. 

With  greater  flows  the  dikes  and  walls  will  pose  some  hydraulic 
impedance  to  overbank  flows  during  major  floods  approaching 
standard  project  magnitude.  The  greatest  effect,  flood  stagewise, 
would  be  about  a  0.5  foot  >■  i se  in  SPF  stage  at  the  upstream  end  of 
the  Elmwood  Avenue  protective  works.  Since  the  Big  River  reservoir 
would  reduce  the  natural  SPF  at  this  location  by  approximately  0.5 
toot  and  the  protective  works  would  increase  the  modified  SPF  by 
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about  0.5  foot,  the  net  effect  of  both  the  reservoir  and  protec¬ 
tive  works  would  be  near  zero  at  the  upstream  end  of  the  protec¬ 
tive  works.  The  effect  of  the  dikes  on  river  stage  would  diminish 
moving  upstream  and  be  negligible  above  the  USGS  gage  in  Cranston. 

d.  Comparability  of  Plan.  The  compromise  plan  consists  of 
flood  control  storage  in  Big  River  and  local  protection  in  the 
Warwick  and  Elmwood  Avenue  areas.  Though  the  three  components  are 
one  system,  they  are  not  entirely  interdependent.  For  example, 

if  Big  River  reservoir  is  delayed  or  never  built,  the  local  pro¬ 
tection  projects,  as  planned,  would  provide  protection  against  a 
flow  88  percent  of  the  natural  standard  project  flood,  which,  though 
net  complete,  would  be  an  acceptable  project  on  its  own.  Similarly, 
the  Warwick  Avenue  and  Elmwood  Avenue  projective  works,  though 
nearly  contiguous,  are  hydrologically  not  inseperable  or  Inter¬ 
dependent  in  arv  wav. 

e.  Other  Improvements  Considered 

(1)  Scltuate  flood  control.  Scituate  Reservoir,  located 
on  the  North  Branch  of  the  Pawtuxet,  has  a  drainage  area  of  92 
square  miles  and  a  full  pool  surface  area  of  3,400  acres.  The 
idea  of  providing  flood  control  on  the  Pawtuxet  River  by  either  re¬ 
regulating  or  adding  storage  at  Scituate  has  risen  many  times  over 
the  years;  however,  it  is  noted  that  Scituate  already  provides  a 
high  degree  of  control  over  its  watershed.  During  many  freshets 
the  entire  runoff  from  its  watershed  is  stored  In  Scituate. 
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Depending  on  antecedent  storage  capacity,  and  during  other  events 
where  the  pool  is  at  or  nearly  full,  surcharge  storage  in  the  large 
lake  has  served  to  greatly  modify  and  desynchronize  the  runoff 
from  its  watershed.  The  effect  of  Scituate  on  flood  runoff  in 
past  floods  is  presented  in  table  7  of  the  original  hydrologic 
analysis  report.  It  is  not  to  be  inferred  that  Scituate  is  an 
automatic  panacea.  The  July  1938  flood  illustrated  that  Scituate 
outflow  could  be  a  significant  flood  component.  Therefore,  opti¬ 
mum  regulation  procedures  should  be  employed  at  the  project  to 
maximize  flood  control  potential  while  not  infringing  on  dependable 
water  supply  yield. 

However,  complete  control  at  Scituate  would  not  entirely  alle¬ 
viate  the  flood  potential  on  the  main  stem  Pawtuxet  and  costly 
modification  to  Scituate  is  not  considered  feasible.  Much  of  the 
existing  flood  potential  results  from  the  uncontrolled  watershed 
downstream  of  Scituate.  Protection  would  still  be  needed  against 
residual  freshwater  flooding  and  tidal  flooding  in  the  Warwick 
area.  For  example,  with  complete  flood  control  at  Scituate  the 
standard  project  flood  at  Warwick  Avenue,  as  modified  by  Big  River, 
would  be  further  modified  to  18,400  cfs  with  flood  control  at  Scituate. 
This  modification  would  not  eliminate  the  need  for  protection  but 
would  serve  onlv  to  reduce  •  fie  required  height  by  about  1  foot. 

The  effect  of  control  at  Scituate  on  the  standard  project  flood  is 
■  hown  on  plate  12. 
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(2)  Removal  of  dams.  There  are  numerous  small  "run-of- 
river"  dams  throughout  the  Pawtuxet  basin.  It  has  been  suggested 
that  removal  of  some  of  these  dams  would  reduce  floodflow  gradients, 
thereby  reducing  flood  damages.  The  dam  most  often  mentioned  is 
the  Broad  Street  dam  situated  at  trie  mouth  of  the  Pawtuxet.  Back¬ 
water  studies  have  been  performed  to  determine  tt  _  effects  of  com¬ 
plete  removal  of  this  dam.  During  a  standard  project  riverine  flood 
the  flood  stage  would  be  reduced  about  7  feet  at  the  dam  and  this 
reduction  would  diminish  upstream  becoming  insignificant  at  Warwick 
Avenue.  Removal  of  this  dam  would  have  the  associated  impacts  of: 
(a)  returning  the  lower  Pawtuxet  to  a  tidal  estuary  with  its  re¬ 
sulting  environmental  impact,  and  (b)  normal  riverflow  velocities 
would  be  increased  causing  possible  bank  erosion  problems  if  pro¬ 
tective  measures  were  not  provided.  Most  importantly,  however, 
removal  of  the  dam  would  do  nothing  to  protect  the  lower  Pawtuxet 
against  the  existing  threat  from  tidal  flooding,  and  its  removal 
could  create  a  "false  sense  of  security"  with  respect  to  flood 
control. 

As  the  Broad  Street  dam  becomes  deteriorated,  its  repair  or 
removal  should  be  based  largely  on  environmental  considerations. 
Flood  control  benefits  to  be  gained  by  its  removal  would  be  small, 
relative  to  the  other  considerations  discussed  above,  and  Federal 
involvement  is  not  considered  warranted. 
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A  second  dam  on  the  lower  mainstem  Pawtuxet  is  the  Pontiac  dam. 
Its  removal  would  have  a  reducing  effect  on  flood  levels  just  up¬ 
stream.  The  effect  of  the  removal  of  tnis  dam  on  the  standard 
project  and  the  100-year  frequency  flood  levels  are  shown  on  plate 
13.  Presently  there  is  little  flood  prone  development  just  upstream 
of  the  dam  and  its  normal  backwater  pool  does  have  esthetic  appeal. 
However,  in  the  future  if  the  dam  needs  major  repair,  removal  may 
have  to  be  considered.  If  removed,  upstream  measures  may  be  needed 
to  protect  against  scour  and  excessive  degradation. 

The  majority  of  the  other  dams  are  low  head,  becoming  submerged 
by  backwater  during  floods  or  have  minimal,  if  any,  flood  prone 
property  near  the  dams. 

(3)  Channel  improvement .  It  has  been  suggested  by  some 
that  flood  control  on  the  lower  Pawtuxet  should  and  could  be 
accomplished  by  clearing  the  channel  of  debris  and  obstructions, 
i.e.,  channel  improvement.  First,  it  is  stated  that  such  improve¬ 
ments  would  only  have  an  effect  ori  riverine  flooding  and  no  effect 
on  tidal  flooding  in  the  lower  basin.  Secondly,  localized  obstruc¬ 
tions  generally  have  a  localized  effect.  Therefore,  effective 
channel  improvements  would  consist  of  enlarging  the  channel  through 
deepening  and  widening.  Such  improvements  would  require  riprap 
protection  of  exposed  banks  and  due  to  the  cost  of  bridge  modifica¬ 
tions,  the  proposal  is  deemed  impractical,  particularly  since  the 
threat  of  tidal  flooding  would  remain. 
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Profiles  illustrating  the  potential  effect  of  dam  removal  and 
channel  improvement  in  the  lower  Pawtuxet  River,  for  both  the 
standard  project  and  100-year  floods,  are  shown  on  plate  13. 
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GEOTECHNICAL  FEATURES 


PAVTUXET  RIVER  BASIN 


A.  BASIN  TOPOGRAPHY 

The  Pawtuxet  River  Basin  is  located  entirely  within  central  Rhode  Island. 
The  eastern  two-thirds  of  the  basin  lies  within  the  Seaboard  Lowland  section 
of  the  New  England  Physiographic  Province;  the  western  one-third  of  the  basin 
is  in  the  New  England  Upland  section,  Th?  basin  has  irregular  topography 
consisting  of  relatively  low  to  moderate  size  hills  in  the  west  and  gradually 
decreasing  relief  in  the  east.  The  maximum  elevation  is  approximately  720 
feet  above  sea  level  at  Chopmist  Hill  in  Scituate. 

The  river  valley  extends  westerly  from  Warwick  to  the  extensive  Scituate 
Reservoir  in  Scituate.  The  meandering  Pawtuxet  River  and  other  smaller  rivers 
and  streams  drain  the  irregular  topography  which  contains  some  largo  swamps. 

Artificial  modifications  of  landforms  by  cuts  and  fills  are  minimal  through¬ 
out  the  basin  except  in  Cranston  and  Warwick.  Host  of  the  urbanization  of  the 
basin  has  taken  place  in  the  eastern  section  around  the  Pawtuxet  River. 

B.  SURFICIAL  GEOLOGY 

Unconsolidated  deposits  having  various  characteristics  anJ  thickness  mantle 
the  bedrock  surface  throughout  the  basin.  The  greatest  exposure  of  bedrock 
and  the  thinnest  surface  cover  are  evident  on  the  sides  and  tops  of  hills  in 
the  western  and  northern  section  of  the  basin,  encompassed  by  the  towns  of 
Coventry,  Scituate  and  Gloucester.  Deposits  of  sand  and  gravel  on  land  were 
primarily  derived  from  qlacial  action.  Deposits  of  post-glacial  origin  are 
lesser  in  extent  and  occur  as  alluvium  and  swamp  deposits  near  streams  and 
in  blocked  drainage  areas  on  hills.  Swamps  contain  varying  amounts  of  soft 
organic  silt  and  peat. 

The  distribution  of  surficial  deposits  is  shown  on  Plate  G-1.  The  deposits 
described  in  the  following  paragraphs  were  the  most  practical  categories  that 
could  be  shown  according  to  the  scale  of  the  map.  Several  other  types  of 
qlacial  deposits  exist  but  are  too  small  to  be  differentiated  here.  Some 
of  the  engineering  qualities  of  the  materials  in  these  deposits  are  listed 
In  Table  G-1 . 

The  principal  types  of  deposits  are  as  follows: 

Ground  Moraine  (Till)  -  Ground  moraine  or  glacial  till  consists  of  an  un¬ 
sorted  mixture  of  rock  particles  ranging  from  clay-size  to  boulders.  It  has 
the  most  extensive  and  widespread  occurrence  covering  hills  and  lowlands. 

The  deposits  are  often  thin  enouqh  to  reflect  the  underlying  topography. 


ThiCK  masses  of  ground  moraine  sor.iet imes are  formed  into  i.:lls.  The  rock 
particles  in  the  till  are  mostly  from  local  bedrock.  G  ound  moraine  may 
be  buried  by  other  surt'icial  deposits. 

Outwash  Plains  -  Outwash  plains  are  fL  topped  oroad  accumulations  de¬ 
posited  in  open  areas  by  glacial  meltwater-.  They  consist  of  sands  with 
some  interbedded  gravel.  Plain;  that  Have  coalesced  may  cover  wide  areas 
others  may  form  limited  depos!t^>  in  narrow  valleys.  The  surfaces  of  plains 
can  be  relatively  featureless  or  bisc,n;i'  ou!ar  with  depressions. 

Kame  Terraces  >iu  Volley  T -pin  Teposi’  Kj.  terraces  are  benched 
deposits  of  sand  and  gravel  left  against  valley  slopes  by  glacial  stream;  . 
Valley  train  deposits  are  sands  ar.d  grav;  in  valleys  and  extending  across 
them.  Kame  terraces  and  valley  train  deposits  sometimes  merge  from  one  into 
the  other.  They  Hava  been  combined  as  a  single  map  unit. 

Kame  Plains  -  Kame  plains  are  localized  flat-tur faced  deposits  of  mostly 
sand  with  some  gravels.  They  were  for  it*  oy  glacial  streams  in  areas  confined 
by  the  glacier.  The  bordering  slopes  of  the  deceits  may  be  either  steep 
or  flat.  The  sands  and  gravels  are  usually  sorted  and  stratified. 

Karnes  -  Kames  are  Irregular  *'ilis  usually  of  poorly  sorted  sand  and  gravel 
that  were  deposited  in  contact  with  the  glacier.  The  deposits  are  often 
localized  because  of  the  confined  conditions  during  their  formations. 

Sand  and  Gravel.  Unci  i  vferert  ia^ed  -  Sands  and  uveis  the.  ocij  not  mapped 
as  any  particular  type  of  land  form  are  left  as  undifferentiated  deposits. 

The  qrain  size,  sorting,  and  stratification  within  these  deposits  vary  accor¬ 
ding  to  the  local  conditions  of  deposition.  The  properties  may  be  those  of 
sands,  gravels,  and  mixtures  of  sands  and  gravels. 

Alluvium  -  Alluvium  accumulates  :n  river  and  stream  channels.  The  deposits 
form  banks  and  flood  plains  along  rivers  and  streams.  The  materials  are  silt, 
sand,  and  gravel.  Usually  the  deposits  are  well  sorted.  The  nature  of  erosion 
and  deposition  by  the  rivers  an i  streams  in  normal  times  and  during  floods 
determines  the  local  sorting,  thickness  and  distribution  of  the  deposits. 

Swamp  Deposits  -  Swamp  deposits  ma.nl y  are  silts,  fine  sands  and  muck. 

They  are  widely  distributed.  Most  swamps  are  localized  and  limited  in  extent 
although  a  few  extensive  area  ire  f ound .  The  level  of  water  in  swamps  will 
fluctuate  seasonally  with  ’oc-  stream  and  ground-water  levels.  The  thickness 
of  the  swamp  deoosits  is  dete'  nod  by  local  conditions. 

Artificial  Fill  -  Artifice  '  fins  are  extensive  enough  for  mapping  in  the 
Providence  QuadrangJe,  Fill  material  is  usually  taken  from  local  sources  of 
til)  or  sand  and  gravel.  The  kind  of  material  used  depends  largely  upon  the 
purpose  of  the  fill. 
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a.  Planning  Factors  -  The  strongest  geologic  restraints  placed  on 
future  plaining  and  development  of  the  basin  are  the  topographic  conditions. 
Foundation  conditions  in  glacial  deposits  are  generally  good  within  the 
basin  area.  Subsurface  drainage  within  till  areas  is  normally  poor  to  fair, 
especially  where  the  bedrock  is  near  or  at  the  qround  surface.  Landforms 
govern  to  a  high  degree  the  corridors  available  for  transportation,  utilities 
and  future  expansion  of  the  existing  communities,  especially  in  the  northern 
and  western  sections  of  the  basin. 

The  eastern  and  southeastern  section.,  where  most  of  the  glaciof luvial 
deposits  occur,  is  highly  developed  due  to  the  relative  ease  that  man  can 
work  with  and  modify  these  materials  for  his  use.  Low  permeable  soils  in 
the  hills  and  a  frequent  high  ground-water  level  in  the  valleys  make  careful 
planning  of  solid  and  liquid  waste  disposal  a  necessity.  Planning  concepts 
should  place  strong  emphasis  on  the  highly  variable  topography  and  subsurface 
materials  throughout  the  basin.  Consideration  to  the  areas  of  significant 
flood  plains  is  an  important  factor. 

b.  Engineering  Factors  -  Where  designs  are  to  be  effective,  careful  con¬ 
sideration  should  be  given  to  bearing  capacity  and  surface  and  ground-water 
conditions  within  the  soil  mass.  Generally,  bearing  capacities  of  the  soils 
in  the  basin  are  good,  except  for  the  highly  compressible  organic  soils  in 
swamps.  Control  of  surface  water  during  and  after  construction  is  a  necessity 
in  areas  of  low  permeability  soils.  To  avoid  ground-water  problems  in  pro¬ 
posed  projects,  It  is  important  that  the  ground-water  love!  Le  monitored  to 
aid  In  siting.  Some  engineering  characteristics  of  the  materials  are  shown 

in  Table  G-J . 

c.  Construction  Factors  -  Generally,  excavation  in  the  till  areas  is 
moderately  difficult  to  difficult  due  to  the  high  density  of  the  soil  and 
presence  of  boulders.  In  addition,  the  bedrock  is  commonly  near  or  at  the 
ground  surface  which  may  necessitate  expensive  rocic  excavation.  Glaciof luvial 
deposits  of  sand  and  gravel  in  the  valleys  are  normally  the  most  desirable 
types  for  modification  in  construction  projects.  (See  Table  G-l) 

C.  BEOROCK  GEOLOGY 

The  bedrock  of  the  basin  includes  metamorphic,  igneous  and  sedimentary 
types.  The  distribution  of  formations  and  general  localities  of  bedrock 
outcrops  are  shown  on  Plate  G-2.  A  map  of  the  detail  geology  of  the  Clayville 
Quadrangle  in  the  northwes.  portion  of  the  basin  was  not  available  for  this 
compilation.  Therefore,  outcrops  are  not  located  in  that  area.  Selected 
engineering  characteristics  of  the  formations  are  shown  in  Table  G-2. 

The  most  extensive  formation  is  the  Scituate  Granite  Gneiss  vdiich  occupies 
almost  the  entire  central  portion  of  the  basin.  At  the  eastern  margin  of  the 
formation  there  is  a  complex  of  igneous  and  metmorphic  rock  types  that  trends 
roughly  north-south.  Farther  to  the  east  the  sedimentary  rocks  of  the 
Rhode  Island  Formation  begin.  They  are  primarily  sandstone,  slate,  conglom¬ 
erate.  and  graywecke.  North  and  northwest  of  the  Scituate  Granite  Gneiss 


are  mainly  qnelsses  and  schists. 

Faults  are  mapped  a c  two  locations.  C'r. .  is  in  the  Ct  moron  0 undr angle 
near  the  town  of  Cranston  about  SCO  feet  west  of  the  margin  of  the  Narra- 
gansett  Basin.  Th  s  small  fault  displaces  acndviHe  Conglomerate  and 
Esmond  Granite.  Another  fault  is  at  the  north  end  of  the  Scituate  Reservoir 
and  occurs  along  t*.  contact  of  the  Bellingham  Conglomerate  and  the  Scitu-te 
Granite  Gneiss.  Th—  ■  is  no  information  r>*  d’r placements.  Neither  fault 
is  considered  active  or  major. 

As  indicated  ir  aoie  G-2 ,  engineering  properties  of  rocks  that  are 
pertinent  to  foundations,  excavation?,  slopes  and  construction  materials 
vary  with  reck  type,  !n  general  igneous  and  metamorphic  rocks  are  hard, 
highly  jointed  vt:a i-  to  rtrongly  foliated  and  range  in  compressive  strength 
from  medium  to  very  !,:oh.  Also,  thou  show  slight  weathering  and  high  dura¬ 
bility.  Sedimentary  r*.  ks  general?*/  are  more  deeply  weathered  and  have  low 
to  medium  compressive  strengths, 

a.  Planning  rectors  -  Due  to  their  high  strength  values  and  durability, 
the  igneous  and  metamorphic  rock  types  are  desirable  for  use  as  a  construc¬ 
tion  material.  However,  they  are  normally  diff'ti.t  to  eacavate.  Principal 
use  of  the  rock  is  anticipated  to  be  aggregates  for  construction  purposes. 
Sedimentary  rocks  are  often  unsuitable  for  construction  purpose*:  or  dimension 
stone.  Future  utilization  of  the  bedrock  resources  in  the  bar  o  nay  be  anti¬ 
cipated  to  be  in  the  igneous  rock  areas  where  foliation  c:>  n,t  "  •  .  Principal 
use  of  the  igneous  rock  is  anticipated  to  be  aggregates  for  t..,:  construction 
industry.  Othe  planning  factors  ‘-elated  to  bedrock  car  be  evaluated  by 
referring  to  Plate  G-2  and  Table  G-2. 

b.  Engineering  Factors  -  The  igneous  tv>d  metaporphk  rocks  ,n  the  basin 
allow  design  utilizing  the  hiah  compressive  strength,  sight  weathering  and 
good  to  excellent  durability  characteristics.  The  foliation  in  metamorphic 
rocks  requires  care  in  design  of  cut  slopes,  especially  in  the  micaceous 
schist  types .  The  sedimentary  rocks  are  usually  less  dense  but  normally 
provide  adequate  strength  and  durability  for  most  design  purposes.  Conglom¬ 
erate  formations,  althouqh  a  minor  occurrence  in  the  basic,  present  irreqular 
and  somewhat  difficult  characteristics  for  excavation,  (bee  Piute  G-2  and 
Table  G-2) 

c.  Construction  Factors  -  Construction  relatinq  bedrock  within  the  basin 
iarqely  depends  on  the  locat  ion  the  bed?  ock  surface.  Activity  on  the  sides 
and  tops  of  hills  may  encounter  ock  that  normally  presents  hiah  excavation 
difficulty  with  qood  slope  stability.  Within  the  valleys  and  plains  it  is 
doubtful  whetoer  construction  .  ’ ivity  will  encounter  the  relatively  deep 
bedrock  surface.  The  sedimentary  rock  formation  surface  is  usually  deeper 
than  the  igneous  and  metamorphic  rock  types  and  may  not  be  encountered  in 
most  construction  projects.  Where  these  sed im^ntary  rocks  are  encountered, 
they  are  somewhat  easier  to  excavate,  ercept  for  conglomerate,  and  all  have 


it 


generally  good  slope  stability  characteristics.  Further  evaluation  of  the 
bedrock  formations  in  relationship  to  their  construction  characteristics  can  be 
evaluated  by  reference  to  Plate  G-2  and  Table  G-3. 

0..  SEISH1C  ACTIVITY 

The  majority  of  the  basin  is  in  zone  1  of  the  Seismic  Risk  Hap.  Zone  1 
is  classified  as  having  potential  damage  f rom  earthquakes  with  corresponding 
maximum  intensities  of  V  and  VI  of  the  Mo-  fied  Mercalli  Scale.  The  northern 
most  part  of  the  basin  borders  on  zone  2  which  may  underqo  moderate  damage 
(Intensity  VI J  of  the  M.M.  Scale).  Epicenters  with  corresponding  intensl> 
ties  in  the  range  of  III  to  VI  have  been  indicated  for  the  Rhode  Island  area. 
The  seismic  potential  of  earthquakes  with  epicenters  in  Rhode  Island  as 
well  as  In  the  surrounding  vicinity  should  be  evaluated  and  appropriate 
factors  applied  to  designs  for  construction. 
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The  State  of  Rhode  Island  has  Identified  the  major  concerns  for  recrea¬ 
tion  and  natural  resources  of  the  region.  The  detailed  analysis  is 
found  the  Plan  for  Recreation,  Conservation  and  Open  Space,  June  ,'978. 
This  plan  also  serves  as  Rhode  Island's  Statewide  Comprehensive  On! door 
Recreation  Plan  (SCORP).  The  most  im;-'"-fant  highlights  of  the  plan  will, 
be  cited  hero,  followed  by  discussion  .,i  t  lie  impacts  that  the  different 
alternative  plans  would  have  on  recreation  and  natural  resources. 

In  the  Statewide  Plan  the  following  general  goals  were  established  to 
guide  the  formulation  of  all  plans  and  implementation  programs 
concerning  recreation  and  natural  resources: 

1.  Provide  for  adequate  and  diverse  recreational  opportunities  and 
facilities  primarily  to  meet  the  needs  of  the  State's  residents  while 
also  attracting  and  serving  visitors. 

2.  Preserve  and  protect  open  space  so  as  to  enhance  the  total 
qualLty  of  the  environment. 

3.  Insure  the  sound  use  and  development  of  appropriate  land  and 
water  resources  in  Rhode  Island  for  recreational  purpose;.. 

4.  Recognize  that  Narraganseft  Ray  is  the  State’.-,  most  important 
natural  feature  and  recreational  resource. 

5.  Improve  the  capability  of  both  public  and  private  sectors  to 
respond  to  recreational  needs  at  both  the  community  and  regional  levels 
within  the.  State. 

6.  Utilize,  to  the  greatest  extent  possible,  the  capabilities  of 
the  private  sector  in  the  outdoor  recreational  area. 

7.  Improve  opportunities  for  water-oriented  recreation  by  reducing 
pollution  and  controlling  water  quality  in  Rhode  Island's  water  bodies. 

A  number  of  key  recommendations  were  formulated  to  help  meet  these 
established  goals.  Those  recommendations  that  are  most  pertinent  to  the 
project  area  are  as  follows: 

*  Improve  use  opportunities  at  existing  urban  and  metropolitan 
parks  and  develop  additional  neighborhood  recreation  areas. 

*  Improve  public  transportation  to  recreation  sites  particularly 
in  and  around  urban  areas. 


*  Provide  fresh  water  swimming  pi licipal ly  in  the  west  and  east 
metropolitan  regions,  not  only  to  meet  supply  deficiencies  but  also  as  a 
substitute  for  salt-water  swimming. 

*  Adopt  a  formal  arrangement  between  the  Rhode  Island  Historical 
Preservation  Commission  and  the  Department  of  environmental  Management 
for  the  purpose  of  facilitating  the  orderly  development  of  areas  that 
have  both  historic  and  recreational  signifi.  ee. 

*  Complete  a  feasibility  study  for  the  establishment  of  a  scenic 
and  recreational  river  system  in  the  Stare, 

*  Meet  picnicking  deficiencies  in  all  regions,  and  particularly 
the  West  Metropolitan  and  Northeast  regions. 

*  Meet  Statewide  supply  deficiencies  in  tennis.  These  .ire  most 
acute  in  the  West  Metropolitan  and  Northeast  regions. 

*  Activity  in  many  recreation  pursuits  should  be  stimulated  by 
government  through  the  provision  of  accessible  fusil i ties  and  through 
the  promotion  of  those  recreational  pursuits  that  exhibit  mult  I -season 
durability. 

*  The  Statewide  Planning  Program  should  c.omp  v?  t-t  its  tie. -a  plain 
management  study  and  examine  alternative  protect  lor.  and  rcgn.i  . ;  tech¬ 
niques  for  flood  prone  areas. 

*  Investigate  legal  provisions  which  create  conflicts  between 
private  ownership  and  the  recreational  use  of  the  State's  navigable 
waterways.  Clarify  public  regulations  for  recreational  use  of  navigable 
waterways . 

*  Identify,  publicize,  and  protect  areas  of  scenic,  historical, 
and  cultural  interest  for  the  large  sightseeing  population. 

*  For  the  promotion  of  environmental  awareness,  encourage  the 
Department  of  Education  to  foster  the  use  and  study  of  appropriate 
natural  areas  as  part  of  the  educational  curriculum  in  all  school 
districts. 

In  order  to  access  regional  recreation  and  natural  resource  problems  and 
needs,  the  State  used  a  number  of  different  survey  techniques.  Various 
questionnaires  and  phone  calls  were  utilized  in  order  to  compile  and 
understand  the  recreation  needs  and  concerns  of  the  State.  These 
surveys  yielded  a  number  of  general  conclusions  which  form  a  framework 
for  future  recreation  planning.  Numerous  activities  were  surveyed,  with 
the  five  most  popular  by  order  of  popularity  being: 


5-2 


1.  saltwater  swimming 

2.  freshwater  swimming 

3.  sightseeing 

4.  picnicking 

5.  outdoor  games 

Rhode  Island's  most  abundant  recreation  resource  is  its  a 1 1'  v.> 
providing  for  swimming,  fishing  and  ■  : ting.  A  person's  income  -i 

has  a  direct  affect  on  how  many  acti-  ies  he  engages  in.  Aire.  ■  r-r,i- 
biiity  aiw  car  ownership  affect  ones  i alt  of  participation. 

The  surveys  also  provided  valuable  j  uformatior.  on  the  supply  «■:  ’  demand 
for  recreation  facilities.  It  was  discovered  that  people  in  general 
will  travel  to  the  closest  available  supply  (this  Holies  dm:  there  is 
overcrowd;. ug  of  facilities  in  and  around  population  centers).  Alto, 
people  tend  to  travel  shorter  distances  and  will  '  u<!  t<>  panic.!- ■■ rt.e  if 
supply  is  cl: .■■=»?  at  hand.  Surveys  and  models  have  shown  that  supnl-  ? 
recreation  facilities  is  distributed  unevenly  in  relation  to  the  demand. 
With  the  execution  of  *-emls  and  picnicking  it.  was  revealed  that  t 
is  a  surplus  of  supply  os.  a  Statewide  b  e- is  for  the  most  popular 
activities.  on  addition,  demand  ...c  a  o  rl.-tin  activity  is  aff-"  --  y  by 
location  of  supply  and  also  quality  of  facilities  and  foe-. 

Season  and  time  of  the  year  are  other  factors  which  .  '■■■■  t  .-•-■lei  -  on  of 

recreation  activities.  Analysis  showed  on  nvf".  -  ef  or(v', 

summer  periods.  The  State  identities  a  definit  •  v -.  1  vc  -.h-;-. .  ;r. 

non-summer  participation  rates.  Ice  skating  Iran  prov  '  ■  h”  :  In.  ,  vs[- 
popular  of  winter  activities.  Other  gonaral  com  iusiov  ■•(  the  .-.■•’rvo 
showed: 

Young  people  tend  to  recreate  more  than  other  people,  and  the-  • t  ••  J 
to  participate  in  more  strenuous  activities. 

Bicycling  is  growing  in  popularity  and  shows  a  significant  potential 

for  the  future. 

-  Boating  is  Rhode  Island's  fasting  growing  recreation  activity. 

In  the  West  Metropolitan  region,  the  project  area,  there  it-  .>  defi¬ 
ciency  of  freshwater  swimming. 

IMPACT  OF  AUfcRNATIVRS  ON  RECREATION  AND  NATURAL  RKSOURf-KS 

None  of  the  ten  alternatives  has  a  significant  amount  of  recreation 
potential  associated  with  it.  Possible  passive  types  of  recreation 
(walkway,  hikepathl  could  be  incorporated  into  those  alternatives  which 
Include  the  Warwick  Ave  Local  Protection  Project  if  the  town  wore  inter¬ 
ested. 
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It  is  impossible  at  this  time  to  assess  what  the  recreation  potential 
could  be  at  the  Big  River  Reservoir  since  the  alternatives  are  only 
concerned  with  the  addition  of  2.5  to  3  feet  of  flood  control  storage. 
Most  likely  this  peripheral  land  could  accommodate  trail  development  for 
hiking,  walking,  and  nature  study.  However,  a  separate  Survey  Report  is 
presently  being  prepared  for  the  Big  River  Reservoir  site.  A  recreation 
and  natural  resource  appendix  will  accompany  the  study,  which  will 
analyze  the  recreation  potential  for  the  entire  project. 

The  alternative  plans  which  include  the  Norwood  Land  Bank  could  have  an 
indirect  impact  on  recreation.  If  homes  are  removed  from  this  flood 
plain  area  the  site  has  the  capabilities  of  being  developed  for  recrea¬ 
tion.  Facilities  could  be  cost-shared  with  the  Government  If  there  was 
a  desire  expressed  by  the  city  of  Warwick. 

Fish  and  Wildlife 


The  fish  and  wildlife  information  which  follows  was  prepared  by  the  Fish 
and  Wildlife  Service  during  the  early  stages  of  the  project.  It  gives  a 
general  account  of  those  natural  resources  in  the  watershed. 

Fishery  Resources 


Mar  i  ie 


Apponaug  Cove  at  the  head  of  Greenwich  Bay  serves  as  a  forage,  breeding, 
spawning,  and  nurs'  y  c, round  for  many  species  of  finflsh  and  Inverte¬ 
brates.  Finfish  f<i  ind  ir.  the  area  include  winter  flounder,  bluefish, 
blueback  herring,  menhad*  l,  alewife,  weakfish,  mummichog,  striped  killi- 
fish,  Atlantic  silversides,  fourspine  stickleback,  smelt,  eel  and 
others . 

Very  little  quanti  :ative  data  is  available  concerning  finfish  distribu¬ 
tion,  species  composition  and  the  extent  and  importance,  of  this  resource 
to  commercial  and  *ecreational  fishermen.  The  extent  of  commercial 
fishing  is  somewhat  limited  but  the  sport  fishery  is  very  important  in 
the  Apponaug-Greenwieh  Bay  area. 

Commercial  finfishing  in  Greenwich  Bay  is  generally  limited  to  eels, 
winter  flounder,  menhaden,  and  baitfish.  Eels  are  collected  in  pots 
during  summer.  The  extent  of  this  fishery  i3  unknown. 

Alewives,  mummichogs,  striped  killifish  and  silversides  are  collected 
for  bait  by  both  sport  and  commercial  fishermen.  The  extent  and  value 
of  this  fishery  is  unknown. 
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The  most  important  sport  tish  •  •••  ;  r>e  area  are  whiter  I  lounrter  ,  h  i  net !  s'l, 
and  we  tkf tsh.  The  extent  of  recreation  provided  in  nn,  :  u  ! .  uwever, 
Greenwich  Ray  Is  described  as  fc  .  ne  nr  the  most  pr*.  ’  •  -  ,-e  h  ne- 

fishing  areas  as  wel  l  as  other  snort  listvag  .pots  of  Knud  •  island. 

Shellfish  in  Apponaug  Cove,  of  interest  to  man  for  recreational  a  ■ 
commercial  purposes,  include  ?  he  so:'  r-h-  :  leil  clam,  qualng,  i  ••  =  • :  r.« » 

conch,  hlne  crab  and.  green  crab.  S ft-  •  i  -,o  nods  wf loin  i  h.-  .-•>  •  •  •  •  » 
closed  to  e.ollf  inhing  due  to  po Haiti  .ms.  1  bv  uari n  *•  .  ,i...  oint 

discharges  near  the  cove  and  its  tributaries.  Apponaug  '•■rs 

are  classified  as  SC,  suitable  for  fish  and  ;  , !diife  habi r,  •  recre¬ 
ation  boating.  Greenwich  Bay,  hou-t  v«:r .  j  s  relatively  »»•  .-i  j  ■  7 .  r^o.  r  t  s 

water-:  arc  classified  as  SA,  character  ur  : :  ujly  exr  ei  ion::-  he  .  .oJ.c 
area  of  *  he  Bay,  supports  a  consistently  important  •-ecr'v.tio.  •  »!  •••id 
commercial  sheilf tshery . 

The  quahog  grounds  are  heavily  worked  bv  as  many  as  40  tv  SO  commore ; e L 
hand  tongers  on  an  average  day  .’urltsf;  i  V  spring,  «urn!.vr,  and  f  >  ■  :  . 

Close  to  half  -1  the  licensed  ■•iw.yi  •  : i gger*.  (.’./SO)  in  Pho.h  island 

utilise  the  Bay  at  •  -■  y :  me  r  .no:  r  .  jnng  the  ••■•nr. 

Soft-shelled  .'lams  also  sup  .  =rt  a  few  comm-.r.-  1  a  i  '■  •  *  '-a  ar<*  "■  v 

recreational  fishermen.  One  of  the-  most  product  i  v-  . 

shell  clam  beds  in.  Mar  ragansett  nay  lies  along  i  .  -ri  •» 

Greenwich  Ha  v  extending  from  Apponaug  Veto  .•  .ij .  .  . 

Recreational  shel  •  .  is’u  is  vet;  f-upertaur  :  i  ’  >  i  •-  .> 

thirty  recreational  diggers  and  •  ege-rs  can  he  found  op  t  •„  •  -ri  week¬ 
days  while  between  200-300  may  he  present  op  ee Vends 

Water  pollution  has  brought  about  the  closure  of  m  iw  of  Rhode  Island's 
most  productive  shellfish  bods,  particularly  -•->  upper  J‘arrag.T.is<,-‘  *  n.-.y . 
The  beds  are  closed  to  sheilf  ishing  after  heavy  rains  when  overt' J  >w  from 

storm  sewers  increases  pollution  levels.  Greenwich  Bay  is  unpolluted 

and  has  remained  open  '"hide  other  northern  areas  have  been  intermit¬ 
tently  closed  to  shell  Wishing  f'r  periods  in  «xces-..  of  ?Of;  days  of  the 
year. 

The  economic,  and  recreational  importance  of  Greenwich  Buy's  bup.11  fish 
resource  Is  evidenced  by  the  fact  that  the.  Rhode  island  Division  o'  Fish 
and  Wildlife  his  the  entire  Bay  under  shellfish  management. 

Current  and  projected  marine  fishery  prugrans  In  the  area  arc  essen¬ 
tially  geared  to  protect  and  enhance  f infish  and  shellfish  resources, 
efforts  are  made  to  prevent  over-exploitation  and  reduce  habi tat.  degra¬ 
dation  resulting  from  pollution  and  incompatible  uses  that  :  id  mi  note 
productive  habitat  of  value  to  the  resources.  Habitat  that  is  currently 

■>-  S 


degraded  by  pollution,  resulting  In  loss  or  underutilization  of  useful 
resources,  Is  being  reclaimed  where  possible. 

With  Improved  water  quality,  management  of  resources,  and  adequate  State 
and  Federal  control  of  filling  and  dredging  of  estuaries  and  con:; a1 
marshes,  marine  fisheries  In  this  area  will  remain  a  valuable  natural 
resource  for  future  generations.  To  what  extent  these  resources  would 
be  utilized  Is  difficult  to  predict.  Presen!,  knowledge  of  the  degrp'-  of 
utilization,  the  status  and  value  of  marine  resources  In  the  Appnnaug 
Cove-Greenwlch  Bay  area,  Is  extremely  limited.  With  increased  popula¬ 
tion  growth  and  more  leisure  time  recreational  and  commerlcal  exploita¬ 
tion  of  these  marine  resources  will  undoubtedly  continue  to  increase. 
Because  of  the  present  and  potential  values  of  the  marine  fisheries 
resources  of  Greenwich  Bay  and  its  strategic  location  within  easy  ac: ess 
of  Metropolitan  Providence,  a  study  to  evaluate  the  status  and  lOtlue  of 
the  resources  is  essential  to  provide  the  necessary  basis  for  the.  proper 
management,  protection,  and  utilization  of  Greenwich  Bay. 

Anadromous 


The  Pawtuxet  River  formerly  supported  large  runs  of  anadromous  fish. 
Shad,  alewlves,  srae! ' ,  and  Atlantic  salmon  ascended  tne  river  and  tribu¬ 
tary  streams  to  spa.,  i.  Early  settlers  of  the  watershed  harvested  the 
fish  which  added  to  their  subsistence  providing  additional  income  during 
the  spring  and  faLl.  The  runs  were  eliminated  by  dams  in  the  early 
history  of  the  basin. 

Restoration  efforts  were  commenced  In  1871  with  unanimous  support  of  the 
dam  owners,  but  pollution  of  the  waters  prevented  any  long-lived 
success.  Since  erection  of  the  first  dams  In  the  1700's,  all  efforts  to 
re-establish  anadromous  fisheries  In  the  Pawtuxet  have  met  with  failure. 
Today,  there  are  no  fishways  over  the  28  dams  constructed  on  the  main 
stem  of  the  Pawtuxet  and  Its  two  major  tributaries:  the  North  and  South 
Branches.  Meshanltlcut  Brook  Is  obstructed  by  seven  dams,  while  the 
Pocasset  Is  restricted  by  nine  structures. 

A  study  of  the  potential  anadromous  fishery  in  the  Pawtuxet  River  was 
scheduled  by  the  Rhode  Island  Division  of  Fish  and  Wildlife  for  1976. 

The  river  was  to  be  examined  In  terras  of  species  known  to  have  been 
present  In  the  past,  restorable  species,  and  the  economic  Importance  of 
a  revived  fishery.  Determination  of  base  flow  requirements  to  meet  the 
needs  of  restored  anadromous  fish  species  during  migration,  breeding, 
and  residence  in  the  river  was  to  follow  this  initial  study.  Unfortu¬ 
nately,  a  lack  of  money  and  manpower  within  the  Division  of  Fish  and 
Wildlife  necessitated  a  shift  of  emphasis  to  smaller  streams  of  higher 
prLorlty.  A  study  of  the  potential  anadromous  fishery  in  the  Pawtuxet 
has  been  delayed  Indefinitely. 


5-6 


t 


There  .  >  dot'  1  ni  re  !  ft  -.*rest  ir-  re  'iteration  of  the  tint  -  f  •  -,m-.  >' 
anadnvin-.ua  t  lsn  ♦  .1  Piwtuxef  .»r.  Mac Im ere.*,.'  <a  th  r.*  :•  ra 
tlon  of  alevi  os  and  d.ad.  Obsf  1  >•»  to  ■-  .  ora*  i on  .»<•  •  ,  - 

and  to  .s'*:*-  *••  - :  1  -  s-ini  ►  Hi-.ii  no  -j  j  (•> T  teelli.-.i  i  •  .  ■ 

p.'ll’.ltt-  t  L  •-/  f  'IVS.  ‘.-.’it?  ■  r>,  I.  .  •I'Onuillt  .  ••  .  is' 

const:**'.  -  .,  po'i  me i-m  nb.it.--n.  .  1  ■  ■  '  low  r.».  ■  •  >:• 

f  tsh  '1'.!  'ere  ngitn  hr  come  a  vn !  u  .i,*a1  >  r  •:>*»  » t  .  <■  >.  •  •; 

-  [  *  •-.bed  and  the  Sta*-  •. 

The  P-»v;tux*j>t  River,  except  £  - .  t'->e  lower  mile,  Iv.s  in  the  ,..*•$•  n 

consid-v  --.i  non-navi  gab l--* ,  Private  da--'--  on  v'n  river  >-  s  ,'*>u  .»r--„  .  '-><>r*-' 
fora,  u  ■:*. from  the  Federal  law  whi  '1  t  -  res  dam*  ••  >  ■:  ;  .vie- 
witerwa.  >  to  obtain  a  Fedora  1  Power  f;oiar.ii«-;i<>r»  1  (i-.enw**  Si  •  ,'PC 

Ijee'-'Jo  for  dons  or;  rhe-  P-".;taxrtt  has  *’.(  :  btfeii  ivqni'red  in  the  , 

condi  ficus  nncnsmre  fer  fishery  con-in r  at  ion  ,md  men  r.p-ni*:  nf  ha  to: 
the  nost  p  i — t  j  ben--,  Ignored.  Features  such  a*  f'shwa--.-  wr  t:he  r  .-y  , 
negotiat ml  ltntmun  , !  -».•'• ; ,  **r  access  for  sport. smer .  arc  lock?  -•}?. 

In  t  fnt  i-  o,  all  .!  1  -  ion  •  ’-  t  iv-  1'iwtnve*  .-5 1 :  -’  i  :  t  *  -  rir*- 

will  be  •»«’»  lect  to  a  ••ugi’.la  t  v.  y  pern  if  prog  •:  ;»>-:■  'nr  f 
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Fisheries  "e  r  ."ice  ,  and  the  State,  through  ?  f  •  '  d  inv<v,i  1  •- -if-*  -'n*  will 
aatermint  what  <  nditions  necessary  far  *- i k •- •  :  -  conservation  a**-1  ,-ianrj'  - 
m-.-nt  should  he  included  in  the  nor  as.  :  vat -ires  m-.c’i  ad  f ishwey*  .  »u.r  • 
nvn  f!.ows,  and  access  for  spo  -tsnen  -ire  exarooles.  Ail.  new  dams  on  r. 
waterway  plus  any  new  work  on  existing  dams  which  would  involve  dredging 
or  filling  of  the  waterway  vi  LI  become  subject  r.o  Federal  regulatory 
jurisdiction.  Incorporation  of  features  to  restore  and  enhance  the 
fishery  of  the  Pawtuxet  arc  extremely  desirable  in  anv  planned  develop¬ 
ment  for  this  watershed. 

Runs  of  anadroHious  fish,  presently  occur  in  the  Apponau!'  Cove  area. 

Smelt  and  nlewife  migrate  through  Apponaug  Cove  and  spawn  in  Gorton  Pond 
and  its  oitlc.t  chann .  ••  The  hi  storiu  run  of  alewivos  is  currently  h<  n- 
dered  by  an  elevated  .11]  vert  located  upstream  .if  the  highway  I  j.  7  stream 
crossing.  Smelt  stmwn  just  below  the  culvert  outlet.  'rho  Rbiv.e  Talar-’ 
Division  of  Fish  and  Wildlife  plans  to  prc.  .*1  a  •<»':«  able  f »-  •-■  at 

this  location  to  aid  the  migration  of  alow if e  to  fort.cn  Pert.-'.  -.me'1'  are 
not  expected  to  ascend  fnc  i ishway. 
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Currently  the  run  of  alewife  Is  less  than  500  fish.  V j  .  :  1  ''.coved  water 
quality  and  fishway,  the  recreational  and  aesthetic  value  of  this 
anadromous  run  is  expected  to  provide  much  Interest  and  recreation  for 
residents  of  the  area. 

Fresh  Water  Flshe c  i  *■ 

The  Pawtuxet  River  f-  River  Point  eastwai  :  to  Pawtuxet  Cove,  a 
distance  of  11.2  mil  is  heavily  polluted  Oy  a  variety  of  municipal 
and  industrial  waste  The  river  has  been  described  as  "...one  of  the 
most  polluted  waterw,  ;  .  in  New  England^..."  and  consequently  supports  in 
fishing.  The  lower  2.5  miles  of  the  North  Branch  is  also  heavily 
polluted  and  supports  little  or  no  fishing  —  above  Fishvill'  Dam,  how¬ 
ever,  the  Rhode  Island  Division  of  Fish  and  Wildlife  does  stock  trout. 
The  fishery  in  this  river  is  limited  and  controlled  by  water  released 
from  Scituate  Reservoir.  A  minimum  flow  of  14  cubic  ftet  per  second  is 
maintained  over  week  days,  but  flow  is  virtually  shut  off  on  weekends, 
except  when  the  reservoir  is  full.  The  South  Branch  is  also  heavily 
polluted  by  rauncipal  and  Industrial  wastes.  It  does,  however,  supporf  a 
warm-water  fishery  composed  primarily  of  large  south  bass  one  chain 
pickerel. 

Meshanticut  Brook  is  stocked  with  trout.  Its  small  size  it  ninja ■ 
limiting  factor.  Pocasset  River  is  relatively  polluted  and  strrvn 
banks  developed.  It  does  not  support  a  sport  fishery  of  c  y:.  1- anu,  , 

Of  the  remaining  17  streams  which  support  a  sport  fisher'',  ':V  TV'ap.r 
set.  Big  and  Flat  Rivers  are  by  far  the  most  important.  All  Mippurr. 
excellent  trout  fisheries,  which  are  supplemented  annually  by  stocking, 
approximately  5,700  brown,  rainbow  and  brook  trout. 

In  addition  to  significant  stream  fisheries,  there  are  approximately  38 
ponds  within  the  watershed,  10  acres  and  over  in  size,  which  support 
warm  and  cold  water  fisheries.  Four  ponds  (3,942  acres),  support 
predominantly  cold  water  fisheries.  Only  Hopkins  Mill  Pond  (16  acres), 
however,  is  currently  stocked  with  trout  and  open  to  public  fishing. 

Thirty-four  ponds  (2,769  acres)  are  primarily  suited  for  warm-water 
species.  Flat  River  reservoir  is  the  most  outstanding  warm-water 
fishery  and  may  be  stocked  with  northern  pike  in  the  near  future. 


'Brown  University  Pawtuxet  River  Study  Project,  National  Science 
Foundation,  Student-oriented  Studies  Pijject.  1972. 


Pollution  in  by  fur  the  most  srrLiuis  limit  in,'  factor  affecting  t  •  M.wi-r 
Pawtuxet  fishery.  Heivv  pollution  has  made  :  u*  mam  Mon;  « i  .bob *  <  un— 

pletely  unlnhab:  ,  iMh  or  fish.  .  llutlon  .  .  so  id  ly  afr'-t  t- 


the  lower  portions  of  the  ’forth  •„!  houth  ’hunches.  Pi  lo1  t  o 
enaction'  f  the  Pc- dor  il  W.ti  t  Pollution  Control  Act ,  -  ,V  i  r, 

the  primary  water  pollution  o  >n*  urn,  were  unt  ren  fed  <  :  '•  ’  ••  •  • 

chemical  manufacturing  plants,  text  .  t'lls  and  mam-  shil  '  ar  ,  n ->ix  *.  t  1  ni 

complexes.  .Low  flows,  sewage  and  do:  :  i>  waste  disposal  •  v  ••  1  so 

contrlbu*  td  substantially  to  water  tp,  >.  * «/  degradation.  Sure  i  cemen¬ 
tation  o?  the  Federal  ’iat--r  Voll.tr  tor-  f  . •  *  •  >1  Art  Amendmc.i’  ••  o'  1  /2, 

the  Pawt  XMt  River  has  been  recel  uj,  kpiII-w  imoi  --ts  of  indv  <■  iul 
pollutants  as  Industries  treat  >r  tie  lure  tie.  watershed's  I:  re,.  ,nj 
ipal  secondary  treatment  facilities,  yon-point  discha: yes  <•',.}  Vv  flo  •“ 


will  be  the  major  limiting  factor  -,  hindering  the  river's  recover  -.  The 
out-o.  hasl  i  transfers  ->f  water,  1  ml  llinn  gall  -  -  p,  >-  .  av  fro  . 

Rcituiie  Reservoir  and  ?.f>  million  gal  lone  per  day  iron  the  proposed 
River  Resarvotr,  coupled  with  very  low  Hases  fro--’  Flat  River 
Reservoir  on  weekends.  *nd  tcafe  that,  tr.  the  f  nresee.jt,-; future,  the 
volume  of  waste  water  in  the  watershed  :  i  { m:rea*><  ,  while  the  .  .-cam- 
flow  rom  upland  drain  .go  '.ub-b;i;.in  will  decrease. 

From  River  Point  eastward  the.  Pawtuxet  current !  •'  ri. ••••>.  -  vy.  f-.ut . 

500  man-days  of  fishing.  Children  from  local  t 

undaunted  by  the  river's  present  condition  «r  •  res, 
majority  of  this  fishing  pressure . 

With  pollution  reduction  and  adequat  e  -  t ret:;:  fh.w  t  he  M  .  ?  >-i  :  «-s 

of  the  Pawl uxat  could  support  a  warn-w.t l-er  lishery  upot  i  •  \  :ou.-.  . 

bass,  northern  pike  and  chain  p  f  •  hotel.  The  p  '.eut.thv 
based  on  population  of  100  i  bs.  oi  fish/acre  and  «  •'»  Iff  harvest  .  one 
pound  of  fish /day ,  exceeds  5, >00  man-davs  of  fishing  per  year  Wit’ 
extensive  access  and  a  return  of  anadromous  species  to  tie  lower  river 
fishery  could  be  expanded  manyfold. 

Wildlife  Resources 

The  Puvtuxet  watershed  supports  an  important  segment  of  the  wildlife 
species  found  in  Rhode  Island.  Cottontail  rabbit,  pheasant,  ruffed 
grouse,  quail,  gray  sctuirrel,  woodcock  and  mourning  dove  are  generally 
distributed  throughout  a  major  portion  of.  the  basin,  including  s.i'w  of 
the  more  heav  .  Ly  urban'  :ed  towns  of  the  lower  watershed.  The  p1-1  us-in’- 
population  is  supported  by  stocking  of  good  habitat  units  in  area-  open 
to  hunting.  The  western  and  central  portion  ot  the  watershed  1  avilv 
forested,  providing  habitat  for  deer.  They  are  found  in  go-Tl  mmboi 
throughout  this  area  of  the  watershed.  Urban  and  residential  develop¬ 
ment  in  the  eastern  third  of  the  watershed  limit  white-tailed  deer  pop 
lations . 


Other  wildlife  speciit.  .ithin  the  basin  include  mink,  muskrat,  skunk, 
fox,  raccoon  and  otter.  These  species  do  not  contribute  significantly 
to  consumptive  use  wit  iin  the  watershed,  hut  do  serve  as  the  focus  of 
much  non-comsuraptive  wildlife  enjoyment.  A  few  of  the  species  such  as 
mink  and  muskrat  do  provide  a  little  income  for  those  who  trap  during 
the  fall  and  winter  open  season. 

There  are  many  important  waterfowl  habitat  r  Its  within  the  watershed. 
Their  Importance  stems  from  the  amount  of  present  use  they  receive 
and/or  because  of  their  management  potential  for  waterfowl  feeding, 
resting  or  nesting. 

In  1972,  the  U.S.  Fish  and  Wildlife  Service  made  a  reconnaissance  o'  the 
Pawtuxet  River  Basin  for  the  purpose  of  delineating  major  wetland  ure-rs 
which  should  he  managed  and/or  preserved  to  best  meet  mult ' . -urn nse 
needs.  During  this  survey,  several  areas  were  identified  ••  h wing 
habitat  of  high  wildlife  use  which  should  receive  priority  for  protec¬ 
tion  or  management  of  waterfowl  and  other  wildlife. 

Within  the  Pawtuxet  Watershed,  approximately  3f-  wetlands  totaling  ‘,'.00 
acres  were  found  to  have  high  value  for  waterfowl  and  nthc"  wildlife. 

The  largest  wetland  lies  along  Mishnock  Brook  in  Covent  ry  vv’  '.lost 
Greenwich  and  totals  about  500  acres.  Another  unit  of  a do.  »  1  •  v're> 
lies  along  the  ^ocasset  in  Cranston  and  a  third  unit-  along  Noer.eneck 
River  (cedar  swamp)  in  West  Greenwich.  There  are  other  cy.raily 
important,  though  smaller  wetlands  located  along  the  main  stem  and  in 
the  tributary  system  that  also  poses  stgnficant  wildlife  potential.  To 
date,  very  little  has  been  done  within  the  watershed  to  its.  roast* 
waterfowl  populations,  except  for  the  creation  of  wood  duck  net' I. .'.nr 
boxes.  There  are  but  three  publicly-owned  areas  in  the  basin  protecting 
wetlands.  The  Ponagansett  Public  Fishing  Area  in  Foster  oncompn  uses  2: 
acres  of  wetland,  Snake  Den  State  Park  contains  38  acres,  aid  the  Big 
River  Reservoir  area  encompasses  600  acres  of  valuable  wetland.  If  the 
Water  Resources  Board's  planned  dams  are  constructed  at  Snake  Den  and 
Big  River,  however,  all  or  most  of  these  areas  will  be  inundated  and 
their  value  to  wildlife  lost. 

In  the  area  of  Apponaug  Cove  shallow  water  areas  and  mud  flats  are  fre¬ 
quented  by  black  duck,  mallard,  Canada  goose,  bufflehead,  scaup,  snowy 
egret,  mute  swan,  great  blue  heron,  gulls  and  terns.  The  shoreline  ii 
bordered  by  a  Spartina  alternlf lora  marsh.  There  is  no  question  that 
the  marsh  lands  contribute  detritus  and  invertebrate  organisms  that 
enter  the  biological  food  chain  with  the  end  result  of  Greenwich  Bay 
being  one  of  the  most  productive  shell  fishing  and  sport  fishing  spot-  of 
the  State. 


♦ 


The  State  of  Rhode  tsl  i-.  i  Ls  ,ni  .?.t;i«l>  ini  ei  .  ••  t  in  urtt-  .  ->og  v  land 
areas.  The  State  has  •  kaowl  i-’g-l  the  value  of  inland  wot’ and  by 

enacting  leglsla^l  n  tor  their  ,  *  i  <■••1 .  'ho  "Freeh  Wafer  Wet  land 

Act",  approved  .Teiy  1  •> 1 ,  prohibit--  1  idiyldjuls,  companies..  =r  1 to  or 
local  go  '“rnmen-  s  from  disturbing  •  dec!  rowing  inland  v-' 
a  permit  from  the  Department  of  Natural  Resources.  A  recent  *•  <•,. 

sive  Stud  »  if  the  Southeastern  Mew  ’land  Area,  conduct  ■■■>'  * . 

England  Ri  ■*-  Sas  in  Commission,  alt;  •  •  •};,<  l ved  the  value  ;u  ■  r  nee 

of  i'ilanl  .  -'if  lands.  Major  recommend  a  ,  or  the  study  }  t...  ie  :<m  otec- 
tion  of  wetlands  and  floodplain  area:;. 

The  Rhode  Island  Division  of  Fish  md  Wild: it*,  places  big!'  prior;  •  on 
purchase  of  land  suitable  for  inland  game  bird  and  water!  -w>  :  :*ig 

since  it.  is  in  short  supply.  Priority  is  also  placed  on  at: ;  ,is on  of 

land  or  easements  along  streams  and  water  bodies,  «nd  <m  pond  b  • 
and/or  ilow.tge  rights  hi  areas  allowing  fishing.  Tiv  mu  t!  fn . ruc¬ 

tion  and  management  of  wetland  arena  and  dcve’.opraer  *  of  streamb. 
access  shoul  d  be  an  impovtant:  oonsiderc.t  ion  in  any  trrtl ;  a‘  ed  .  am 

for  water  us- • .  In  the  1  .wer  basin.  e,;p<  <  •  a !  1  v  Warwick  w!v  i  1  I 
problems  at  e  prevalent ..  the  tu  .  h.n  o  •.  .if  ;  in-  •'  i  in  '■■■  • 

hunting  and  pollution  mikes  the  ...a  to  stem  pi  rjiV’i  ly  ’  cries. 

Preservation  of  wetland  ir  •'  aud  f!  :>/e  1  op  v-v  i.  •  ,  •  •  .  ■ 

cons  idem  ions,  houevo." .  due  primari  ly  to  tie  •  ce>  , 

its  flood. plain,  and  wet  nnds  t->  tills  n>  i  a---  y.  :■  "  ;  •  .■  ■  of 

the  river  and  its  sum!  -natural  open  spam  •  n 

trial ,  commercial ,  and  ••  a  idee  •  t 1  *  evel.yiu'  n  -.d i  and 

unique  area  for  uate.r  ..iJ.-.s,  i  Id  i  lie  pbai  ...  n>.,  .1  wet ruing. 

As  pollution  of  the  Pawtnxot  Mi  vet  is  da-  ••  >  -u  it  ami  f  ?:?•  to«ri  ?'i  for 
supporting  resident  ami  .madroraons  fisher  ion  •  <»•••  -«.-»» T  f„.  ’  ''ill 

be  in  need  of  public  access.  Viy  plan  for  the  wat  «•:-?. i»»d  should  ,  yr>i  a 
degradation  of  the  area's  nfsm.r  roc:  .at .loo  >1 ,  ac-.;  belie  and  wildlife 
capabilities  and  pro-tide  for  •»<•  toss  to  th-  r'  ’or  ■  ■.*  to  its  potential 
fisheries  capabilities. 

Urbanization  of  the  lcv-  r  watershed  with  its  attendant:  xburbar,  ten# , 
highways,  dredging  and  filling  of  wetlands,  shopping  rluvas,  and  indus¬ 
trial  developments  are  major  challenges  to  efforts  Lo  conserve  and 
enhance  fish  and  wildlife  in  this  area. 

Coincident  with  habitat  destruction,  urbanization  has  also  led  to  land 
closure  and  .ess  p:  -clems.  Posting  of  private  lands  Is  becoming 
Increasingly  common  airoin  the  watershed.  Prohibiting  public  access 
restricts  utilization  of  the  wildlife  resnur-e.  An  Intensive  p  Mic 
relations  program  ;oold  perhaps  help  in  opening  private  lanes  •  o  public 
use  but  the  only  Lasting  solution  would  appear  to  bo  in  placing  kev  seg¬ 
ments  of  wetlands,  uplands,  and  st reamhank  in  public  ownership.  The 
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state's  "Fresh  Water  Wetland  Act"  and  local  community  zoning  restric¬ 
tions  can  be  effective  in  preserving  Important  wildlife  units  but  does 
not  insure  that  these  lands  will  be  retained  as  areas  open  to  public 
access . 

« 

The  impacts  on  fish  and  wildlife  would  vary  depending  on  the  ten 
different  alternatives.  Those  alternatives  which  include  the  Natick 
Diversion  have  the  potential  to  adversely  c.  ..act  marine  life  in  Apponvug 
Cove  if  freshwater  from  the  tunnel  is  mixed  with  the  salt  water  of  the 
cove.  Those  alternatives  including  the  Warwick  Ave  Local  Protection 
Project  (LPP)  would  not  have  a  significant  effect  upon  existing 
fisheries  due  to  the  existing  poor  water  quality.  The  Warwick  LPI', 
which  would  eliminate  a  meander  of  the  river,  would  reduce  the  amount,  of 
streambank  available  to  fishermen  assuming  pollution  reduction  ami 
fisheries  restoration.  Important  wildlife  habitat  will  be  lost  due  to 
the  channel  realignment.  In  addition,  approximately  7  acres  of  the 
Pawtuxet  Reservation  and  one  acre  of  the  natural  stream  channel  may  be 
added  to  the  lands  occupying  the  Warwick  Industrial  Park.  Itnpl ement;;- 
tion  of  flood  control  storage  at  the  Big  River  Reservoir  could  adversely 
impact  wildlife  in  the  area  if  and  when  flood  storage  activities  i. 
place. 
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SOCIAL  IMPACT  ANALYSIS 


The  social  Impacts  of  the  alternative  structural  schemes  for  flood  pro¬ 
tection  along  the  Pawtuxet  River  will  be  discussed  In  three  parts. 

First,  the  short-term  impacts  related  to  construction,  second,  the  long¬ 
term  impacts  of  the  facilities  and  of  protection,  and  third,  the  ’-"p^c's 
of  "no  action."  ^ 

Short-Term  Impacts : 

Since  construction  time  is  estimated  at  2-4  years,  "short-term"  impacts 
associated  with  construction  require  full  consideration. 

For  two  local  protection  projects  abutting  industrial  areas,  (Warwick 
Industrial  Park  and  Bulova),  the  impact  of  construction  on  traffic  is.  an 
important  consideration.  Although  both  projects  are  close  to  majo’ 
highways,  the  Warwick  Industrial  Park  project,  including  beigy  Cher:  i?  . 
straddles  a  main  local  traffic  artery  between  Warwick  and  Cranston. 
Additional  traffic  control  and  other  safety  measures  may  need  to  v 
implemented  in  this  area. 

Two  elements  have  been  suggested  for  providing  flood  ur.rcl  ?c  'octJcn 
for  the  Norwood  area;  Norwood  Local  Protection,  and  the  .  rwoed  ie-nd 
Bank.  Both  the  construction  and  post-construction  p  it,.-.  e>  cr  r.V.e  !ood 
Local  Protection  project  will  have  significant.  Impacts  ot  the  neighbor¬ 
hood.  Because  the  construction  site  is  located  in  a  rea  M<  ntia’.  area 
with  limited  road  access,  the  short  term  impacts  related  t.  <- -uck 
tratfic  and  air  and  noise  pollution  are  significant.  r'!e  pretence  of 
heavy  truck  traffic  over  an  extended  period  of  time  wil  .  create  a  safety 
hazard  for  all  neighborhood  residents.  Local  roads  in  Lhis  neighborhood 
are  limited  in  their  capability  to  handle  extensive  use  by  this  kind  of 
traffic.  To  minimize  these  effects  careful  consideration  of  the  selec¬ 
tion  of  access  routes,  temporary  easements,  and  general  planning  of 
traffic  routes  will  be  given. 

The  Natick  diversion  project  itself  involves  2  sets  of  construction 
impacts  related  to  the  Intake  site  and  the  outlet  site.  At  the  intake 
site,  the  impacts  to  be  measured  ar  primarily  noise  (how  much  blasting 
will  be  done,  how  close  to  homes,  businesses  or  recreation  areas)  and 
traffic.  At  the  outlet  site,  these  impacts  must  also  be  measured  with 
additional  attention  to  possible  disruption  of  recreation  and  marina 
Industry  in  Apponaug  Cc ve  during  construction. 


Long-Term  Impacts: 


The  long-term  project  impacts  on  pollution  in  the  area  are  closely 
related  to  the  effects  on  land  use.  Over  the  past  20  years,  Warwick  has 
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developed  rapidly  as  a  residential,  commercial  and  industrial  center  as 
population  and  jobs  moved  south  out  of  Providence.  This  development  is 
in  part  attributed  to  the  interstate  Highway  System  paralleling  the 
river  and  within  Its  flood  plain.  To  the  extent  that  local  protection 
projects  make  new  land  available  for  development,  this  trend  may 
continue,  further  encouraging  the  1  coat ! on  of  commerce  and  industry  in 
Warwick . 

The  local  protect  ion  project  for  the  Warwick  industrial  Park  will  create 
new  land  for  industry.  However,  since  the  pattern  of  population  move¬ 
ment  is  already  established.  It  is  difficult  to  gauge  the  additional 
contribution  of  the  project  to  this  pattern.  It  is  also  not  known 
whether  the  Warwick  Industrial  Park  development  would  provide  jobs  for  a 
local  or  an  area-wide  labor  force.  In  the  latter  case,  the  location  of 
jobs  would  affect  the  settlement  of  people  moving  to  the  area  for 
employment  and  their  commuting  patterns. 

Protection  of  Norwood  would  make  additional  land  available  for  housing, 
encouraging  new  growth  in  an  oLder  area.  The  combination  of  now  homes 
and  greater  protection  would  Increase  land  and  real  estate  val  -es. 

Higher  values  may  mean  higher  taxes  and  in  those,  few  case*  vjh  :e  nee 
rent  homes  or  flats,  higher  rents.  This  could  result  in  or  -d  reio  a- 
tion  for  residents  unable  to  afford  these  costs  and  rher>  ore  hr in  r 
about  changes  in  the  structure  of  the  neighborhood,  the  :  1  s  r'es  tt:.< 

by  its  residents,  etc.  Whether  these  increases  in  taxes  nr;  rents  are 
outweighed  by  the  reduction  in  annual  losses  warrants  I  other  .  h-dv. 

In  addition,  the  Norwood  project  itself  would  displace  6-10  familli  s 
whose  homes  are  located  In  the  path  of  the  proposed  dike.  The  nunv-e;  o,*. 
homes  Involved,  the  characteristics  of  the  displaced  population  and  the 
plans  for  relocation  must  be  known  to  determine  the  significance  of  this 
impact.  However,  displacement  is  always  an  issue  requiring  serious  con¬ 
sideration. 

Housing  might  also  be  affected  in  the  future  in  the  section  of  Cranston 
opposite  Norwood  if  the  combination  of  protection  on  the  Norwood  side 
and  Increasing  river  heights  increases  flood  frequency  in  thl  s  area. 

This  possibility  depends  on  land  elevations  and  related  technical  data 
and  will  be  Investigated.  The  appearance  of  the  dike  itself  is  unlikely 
to  affect  real  estate  values  on  the  Cranston  side  or  otherwise  impact 
the  neighborhood. 

Another  set  of  long-term  consequences  Involves  recreation  and 
recreation-related  Industries.  The  presence  of  dikes  and  walls  at  the 
local  protection  sites  means  there  will  he  no  direct  access  to  the  river 
i  these  locations  unless  it  is  provided  for  in  the  final  design.  For 
example,  steps  leading  over  the  dikes  could  be  provided  leading  to  the 


6-2 


thirty  foot  buffer  zone  and  walkways  ilonp,  the  river.  Currently,  the 
land  along  the  river  is  privately  owned  and  there  is  theoretically  no 
access  to  the  river.  Therefore,  tut  ire  recreational  development  of  the 
river  banks  In  these  areas  does  not  have  to  be  ruled  out-  The  ay near— 
ance  of  vie  projects  from  across  the  river  will  determine  their  e:iect 
on  passive  recreation  In  the  surr-ur.  Mao  area.  This  effect  is  expected 
to  be  mlni-.al  sin.  •>  the  proposal  car  primarily  for  earth  c  i  ■  .  ■  ,  except 
In  the  industrial  areas  which  are  not  available  for  recreation  .•  n  any 
case.  The  addition  of  a  dam  below  the  diversion  and  the  permanent  inlet 
structure  will  rule  out  recreational  development  in  that  section  of  the 
river.  As  there  is  already  an  existing  dam  200  feet  upstream  of  the 
proposed  concrete  dam,  recreational  opportunities  in  this  area  are 
already  limited.  Since  the  towns  have  undertaken  a  study  of  possible 
recreational  sites  along  the  river,  it  should  be  possible  to  determine 
whether  any  conflicts  exist  between  community  recreation  plans  and  the 
project  alternatives. 

One  other  area  of  social  in  portance  must  be  considered.  •  At  present 
there  are  no  plans  to  protect  the  sewage  treatment  plant  sludge,  disposal 
fields  at  West  Warwick.  During  flooding,  material  from  these  f  elds  may 
be  swept  Into  the  river,  creating  health  and  pollution  probl down¬ 
stream. 

If  West  Warwick  were  to  Install  sludge  digesters  the  sledge  currently 
placed  along  the  river  will  contain  significantly  less  pollutants.  Thus 
when  natural  flooding  recurs  the  pollutions!  load  downstream  will  be 
less.  If  the  diversion  is  constructed,  flood  flows  wl 1 !  be  almost 
eliminated  on  this  area. 

The  other  protection  for  the  Norwood  area  is  identified  as  the  Norwood 
Land  Bank.  Its  construction  and  post  construction  implications  on  the 
local  area  are  more  extensive  than  those  for  the  local  protection 
element.  Implementation  of  the  Norwood  Land  Bank  scheme  requires  the 
displacement  of  30-35  families  from  this  area.  In  some  cases  reloca¬ 
tion  of  the  present  structure  to  another  site  could  be  accomplished; 
whereas  in  other  cases  new  homes  could  be  purchased  by  displaced 
residents.  The  stress  associated  with  loss  of  home  could  be  significant 
in  this  ne ighborhood  characterized  by  a  rather  stable,  blue-collar 
population.  Removal  of  structures  would  occur  over  several  years,  with 
completion  contingent  on  construction  of  Fig  River  Reservoir.  Again 
construction  phase  activities  (closer  to  destruction)  would  be  quite 
extensive  causing  significant  traffic  and  air  and  noise  pollution 
etfects. 

Impacts  site  specific  to  the  addition  of  flood  control  storage  in  Big 
River  Reservoir  are  Indeterminable  at  this  stage  of  study.  Another  on¬ 
going  study  Is  already  In  the  process  of  assessing  the  Impacts  related 
to  water  supply  provisions.  It  Is  anticipated  that  providing  extra 


storage  capabllitv  would  not  have  any  significant  effects  beyond  these 
experienced  with  provision  of  the  water  supply  capability  along. 

The  provision  of  flood  control  protection  along  the  mainstem  of  the 
Pjwtuxet  has  significant  land  use  implications.  By  decreasing  the  flood 
plain,  new  land  becomes  available  for  development,  which  previously 
would  have  subject  to  NFIP  regulations. 

Finally,  the  diversion  tunnel  may  affect  population  movement  If  it  has 
any  consequences  for  the  stability  of  the  buildings,  roads  and  lands 
located  on  the  surface.  Both  homes  and  institutions  are  located  on  t  ,a 
surface  area  and  any  possible  effects  on  these  structures  must  be 
studied.  Furthermore,  easements  will  be  needed  for  these  properties. 

No  Project: 

This  alternative,  "do  nothing",  must  be  considered  in  stages,  because 
certain  options  on  the  basic  plan  can  be  eliminated  without  cancelling 
the  project  altogether. 

Option  1;  No  local  protection  for  Norwood.  This  option  involves  t*< 
social  considerations.  First,  the  completion  of  the  Warwick  Jp:ust  al 
Park  project  which  offers  a  high  level  of  protection  to  industrial  and 
residential  property  in  one  flood  prone  area  and  not  in  another  raiser 
the  issue  of  equity.  Is  It  politically  and  socially  acceptable  to  fully 
protect  only  one  flood-prone  area?  The  same  issue  arises  in  a  more 
acute  form  if  the  Local  protection  is  provided  for  Norwood  —  all 
residential  in  character  —  while  an  additional  local  protection  project 
is  proposed  for  another  industrial  location  —  Bulova. 

Second,  failure  to  protect  a  residential  area  often  results  in  deterio¬ 
ration  of  the  housing  in  that  area.  Essentially,  this  is  what  ha6  been 
happening  in  the  Norwood  area.  Since  the  flood-prone  sections  of 
Norwood  include  many  older  homes,  the  possbility  of  further  deteriora¬ 
tion  must  be  considered  if  this  area  is  unprotected.  This  is  an 
important  issue  in  a  city  which  has  little  adequate  low  cost  family 
housing.  In  addition,  no  new  housing  can  be  built  in  the  area  without 
protection. 

Option  2  -  No  diversion.  In  this  case,  only  the  Industrial  local 
protection  projects  are  builr.  The  heights  of  the  dikes  and  walls  are 
increased,  creating  issues  of  aesthetics,  and  the  possibility  of  future 
flood  damages  outside  the  protected  area  is  increased. 

Option  3  -  No  project.  If  "nothing"  is  done  the  potential  of  future 
flood  damages  is  increased  as  in  Options  1  and  2.  In  addition,  develop¬ 
ment  of  vacant  lands  in  the  industrial  park  is  restricted  and  restric¬ 
tions  on  new  housing  continue  to  apply  in  the  Norwood  area.  Beyond 

that,  additional  flood  problems  are  also  likely  to  develop  in  flood- 
prone  areas  of  West  Warwick. 


6-4 


Cultural  Resources 


Discussion  with  the  Rhode  Island  Historic  Preservation  Commission 
in  1976-77  determined  that  an  underwater  archaeological  reconnaissance 
in  Apponaug  Cove  was  needed  in  connection  with  the  Natick  Diversion 
Alternative.  The  Elmwood  Avenue  landbank  and  Warwick  Avenue  Indus¬ 
trial  park  are  unlikely  to  contain  significant  cultural  resources,  due 
to  intensive  modern  residential  and  industrial  development.  As  the 
Natick  Diversion  alternative  has  been  dropped  from  consideration,  re 
effect  is  anticipated  upon  significant  cultural  resources  w'thin  the 
Cranston-Warwick  portion  of  the  project. 

Archaeological  and  historic  resource  reconnaissance  studies  of  the 
Big  River  Reservoir  were  conducted  in  1978  in  association  with 
feasibility  stage  planning  for  that  project.  These  stud'er  ‘a.v'e 
identified  5  prehistoric  archaeological  sites  and  25  historic  s-'tes 
and  structures  below  the  proposed  water  supply  pool  level  of  3C2.K  msl. 
Impacts  due  to  flood  storage  at  2.5  feet  do  not  appear  to  sipnif it.anf.ly 
contribute  to  total  impact  os  the  Big  River  Reservoir"  project.  further 
location,  identification,  and  assessment  of  cultural  resources  within 
Big  River  will  proceed  during  future  planning  stages.  Coord- potion 
with  the  Rhode  Island  Historic  Preservation  Commission  will  '•'  •finue 
for  both  'the  Pawtuxet  River  and  Big  River  studies. 
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ECONOMICS  OF  THE  SELECTED  PLAN 


The  economic  criteria  and  preliminary  economic  evaluation  applied  i.r 
formulating  the  selected  plan  wv1  discussed  in  Appendix  2.  As  a  1  o-.~ 

up  to  this  basic  criteria,  this  sect  Lon  presents  an  in-depth  economic 
analysis  of  the  structural  and  non-stri ctural  features  of  the  3eleci.ed 
plan  namely,  Big  River  Reservoir;  td  .  Warwick  Local  Protection  Project  and 
the  Norwood  Lan:  Bank.  Included  in  this  analysis  are  a  total  first  cost 
and  project  investment;  an«v.«l  charges  consisting  of  interest,  amortiza¬ 
tion,  operation  and  maintenance,  major  replacements  and  the  loss  of  taxes 
on  lands;  and  all  benefits  allowable  under  ER  1105-2-351,  entitled 
"Evaluation  of  Beneficial  Contributions  l  i  Natural  Economic  Development 
for  Flood  '.'lain  Management  Plans."  Also  an  HR  1105-2-353  analysis  has 
been  performed  on  the  benefits  for  the  Norwood  Land  Bank. 

COSTS  AND  CHARGES 

FIRST  CCSTS  AND  PROJECT  INVESTMENT 

Detailed  e  timate.s  of  construction  costs  and  costs  for  lands  and  damages 
of  the  selected  plan  are  summarized  in  Tables  7-1  thru  7-3.  Applied  unit 
prices  for  the  Warwick  Avenue  Industrial  Park  reflect  December  1977  price 
levels  updated  to  June  1978  costs.  The  unit  prices  for  Big  River 
Reservoir  were  based  upon  a  preliminary  feasibility  study  performed  in 
1974  by  a  architectural  engineering  firm  who  originally  designed  're 
majority  of  this  proposed  reservoir  •  These  costs  have  been  updo  ed  to 
June  1978  levels  using  ENR  cost  indexes.  These  are  preliminary  costs  only 
and  used  for  planning  purposes  only.  The  current  costs,  e  ~c  currently 
under  evaluation  by  this  office  and  presented  in  other  sections  of  the  Big 
River  Report.  Lands  and  damages  at  V  irwick  as  well  as  relocations  were 
included  in  the  original  estimate  from  Table  7-2.  The  preliminary  cost 
allocation  of  $452,000  for  flood  control  at  Big  River  Reservoir  is  shown 
in  Table  7-1.  The  preliminary  cost  estimate  for  the  Norwood  Land  Beck  is 
shown  on  Table  7-3.  Because  of  a  recent  detailed  real  estate  evaluation  of 
all  Norwood  properties  these  annual  charges  reflect  May  1980  levels. 

ANNUAL  CHARGES  -  See  Below 

Annual  Charge  Summary 

6-7/8%  -  Dec.  78  P.L. 


Option  1  Big  River  Separable  F.  C.  Charges*  452,000 

Warwick  Avenue  LPP  865,000 

Norwood  Land  Bank*  112,300 

1,429,300 

Option  2  Warwick  Avenue  LPP  865,000 

Norwood  Land  Bank*  152 ,000 


1,017,000 

♦Excludes  uniform  relocation  assistance;  May  1980  Price  Levels 

*  Based  on  the  Big  River  feasiblity  report  currently  being 
prepared  by  the  Corps  of  Engineers,  NED,  these  cost  have  been  reduce  ’ 
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TABLE  7-1 

SINGLE  PURPOSE  FLOOD  CONTROL  RESERVOIR 
AT  BIG  RIVER  RESERVOIR  SITE 
COST  ESTIMATE 


Preparation  of  Site 
Stream  Control 
Earth  X -Common 
Earth  X-Borrow 
Impervious  Blanket 
Rock  X-Open  Cut 
Embankment  (Rolled) 

Select  Gravel 
Rockfill  Placing 
Concrete,  Mass. 

Concrete,  Reinf. 

Bridge  Superstructure 
Gates  and  Machinery 
Stoplogs 

Misc.  Items  10%  + 
Cem-  ry  Relocations 
Road  "a1  /cations 
Utilicy  Re? 'cations 

Contingencies  20%  + 
Buildings,  Grounds  &  Utilities 
E&D  -  12% 

S&A  -  15% 

Lands  and  Damages 


Unit 

Total 

Quantity 

C08t 

Cost 

1| 

1,550,000 

- 

- 

40  7,000 

82,000  CY 

2.40 

196,800 

200,000  CY 

2.20 

440,000 

90,630  CY 

3.20 

290,000 

40,000  CY 

10.00 

400,000 

232,000  CY 

0.90 

208,800 

22,000  CY 

8.20 

180,000 

50,000  CY 

2.70 

135,000 

7,600  CY 

130.00 

988,000 

4,200  CY 

190. 00 

798,000 

1,260  SF 

40.00 

50,400 

- 

- 

26,000 

320  SF 

60.00 

19,200 

350,000 

45  Graves 

1,200.00 

54,000 

13,000  if 

166.00 

2,158,000 

26,000  if 

30.00 

780,000 

1,730,000 

130,000 

1,292,000 

1,615,000 

3.626.000 

TOTAL  COSTS  - 

$17,398,000 

2  yrs.  x 

1/2  x  .06125 

1.065.630 

Construction  Cost 

$18,463,630 

Interest 

(.06125) 

1,130,000 

Amortization  (.0001086)  2,010 

ANNUAL  CHARGE  $  1,132,910 


Using  Preliminary  Scrub  Method 


TOTAL  CONSTRUCTION  COSTS 
ANNUAL  COST 


$  3,930,000 
$  452,000 
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TABU.  7-2 


PROJECT  COST  OF  STRUCTURAL  ELEMENT  OF  THE  SELECTED  PI. AN 
WARWICK  AVENUE  LOCAL  PROTECTION 


Est 1 mated 

Quant  it ies 

Unit 

Unit  Cost 

CONSTRUCTION  COSTS 


Preparation  of  Site 

l 

Job 

L.S. 

30,000 

Control  and  Diversion  of  River 

1 

Job 

L.S. 

110.000 

Common  Excavation 

139,500 

c .  V. 

4.  70 

656,000 

’V  Protection  Stone 

2 >,000 

c.y. 

15.00 

770,000 

1-'"  Protection  Stone 

2,200 

c.y. 

35.00 

77,000 

Protection  Stone  (10*  wide) 

13,900 

c.y. 

35.00 

487,000 

l’"  Redding  Stone 

10,800 

c.y. 

35.00 

378.000 

Crushed  Stone 

10,400 

c.y. 

9.00 

94,000 

12"  Crave l  Bedding 

17,500 

c.  v. 

9.00 

1 58 , 000 

Comp.  C ravel  Fill 

14,500 

c.y. 

8.00 

116,000 

Comp .  I mpe rvlous  Kill 

33,400 

c.y. 

6.00 

200,000 

Comp.  Random  Fill 

25,100 

c.y. 

4.70 

118,000 

Como .  Sand  Kill 

6,900 

c.y. 

6.00 

41,000 

Comp.  Pervious  Kill 

39,000 

c.y. 

6.00 

234,000 

Top so i 1 

1,  300 

c.y. 

8.00 

10,000 

Seed ing 

7,800 

s.  y. 

0.60 

5,000 

Bituminous  Pavement 

1.100 

s.y. 

4.00 

4,000 

Concrete  T  Walls 

5,400 

c.y. 

140.00 

756,000 

Concrete  1.  Walls 

1.700 

c.y. 

140.00 

238,000 

Concrete  I  Walls 

250 

c.y. 

140.00 

35,000 

Concrete  Gravity  Walls 

650 

c.y. 

100.00 

65,000 

Stoplog  Barrier  •»  Warwick  Avenue 

l 

Job 

L.S. 

15,000 

Concrete-Pedestrian  Gate 

140 

c.y. 

140.00 

20,000 

Concrete-Railroad  Gate 

300 

c.y. 

140.00 

42,000 

Cement 

47,700 

cwt 

3.00 

143,000 

Reinforcing  Steel 

1,170,000 

lb. 

0.50 

585,000 

Structural  Steel  -  Pedestrian  Gate 

5,900 

lb. 

3.50 

21,000 

Structural  Steel  -  Railroad  Gate 

17,400 

lb. 

3.50 

61,000 

Steel  Sheet  Piling 

9,200 

S,F. 

9.50 

78,000 

9"  BCCMP  (Sub-drain) 

3,600 

L.F. 

6.00 

22,000 

Interior  Drainage 

1 

Job 

L.S. 

378,000 

Pumping  Stations 

2 

Job 

L.S. 

1,002.000 

Sub-Total 

6.949,000 

Contingencies  (202) 

1 , 390,000 

Sub-Total 

8,339,000 

Engineering  &  Design  (14.52) 

1,209,000 

Supervision  &  Administration  (9.02) 

750,000 

TOTAL  CONSTRUCTION  COSTS 

COSTS  FOR  LANDS  AND  DAMAGES 

* 

10,298,000 

Lands  and  Improvements  (Fee/ 

Permanent  Easement) 

38,000 

Temporary  Construction  Easements 

48,000 

Severance  Damages 

0 

Relocation  Assistance  Costs 

2,400 

Acquisition  Costs 

24,000 

Contingencies 

32.500 

194,900 


TOTAL  LANDS  AND  DAMAGES  COSTS  (ROUNDED) 

TOTAL  PROJECT  FIRST  COST 

200,000 

5 

200. 00U 
10,498,000 

TOTAL  PROJECT  FIRST  COST  (UPDATED  TO  SEPT.  1978) 

$ 

11,170,000 

INTEREST  DURING  CONSTRUCTION 

1,152,000 

TOTAL  CONSTRUCTION  COST 

12,322,000 

INTEREST  (AMORTIZATION  .06884) 

848,250 

OPERATION  AND  MAINTENANCE 

15.000 

1 

(Rounded  to) 

863,250 

865,000 
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TABLE  7-3 


♦ 

PRELIMINARY  ESTIMATE  OF  REAL  ESTATE 
NORWOOD  LAND  BANK 
MAY  1980  PRICE  LEVELS 
7-1/8%  Interest  Rate 


Land  and  Improvements 
54  Improved  Properties 
Contingency  (20%  of  above) 


Relocation  Assistance  Costs 

36  Owner  Occupied  Units  @  $15,000 
18  Tenant  Occupied  units  @  $4,000 
Acquisition  Costs 

54  Private  Ownerships  @  $3,000 


Rounded  - 


Option  1  -  With  Big  River  Reservoir 
Costs  for  40  Homes 

Annual  Charge  Without  Relocation  Assistance 

Option  2  -  Without  Big  River  Reservoir 
Costs  for  all  54  Homes 

Annual  Charge  Without  Relocation  Assistance 


COSTS 


$1,350,000 

270.000 

$1,620,000 


540,000 

72,000 

162.000 

$2,394,000 

$2,400,000 


$1,780,000 

126,800 


$2,400,000 

152,000 
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BENEFITS 


BASIC  BENEFITS 

The  benefit  analysis  will  consist  of  the  South  Branch  of  the  Pawtuxet 
(Zones  2A-1  and  2A-2)  and  on  the  main  stem  Pawtuxet  River,  Zones  3 
through  8.  With  the  area  experiencing  a  rapid  growth  throughout  the 
basin,  flood  discharge  frequencies,  as  explained  in  Appendices  1  and 
4,  are  expected  to  increase  10  percent  between  the  initiation  of  the 
study  (1972)  and  1990  and  another  10  percent  between  1990  and  2020.. 
All  damages  and  benefits,  updated  to  Jun^-  1978  price  levels,  reflect 
the  level  of  development  present  in  the  watershed  for  mid-1972. 

The  key  elements  of  the  selected  plan  are  Big  River  Reservoir,  the 
Warwick  Avenue  local  protection  works,  and  the  Norwood  Land  Bank. 
These  first  two  flood  control  measures  are  the  only  structurally 
oriented  corrective  measures  that  are  acceptable  to  local  interests, 
economically  justified  on  an  incremental  basis  and  satisfy  some  of 
the  local  flood  control  needs  of  the  basin.  Big  River  Reservoir 
would  be  a  multi-purpose  reservoir  located  along  a  tributary  stream 
(Big  River)  of  the  South  Branch  of  the  Pawtuxet  River.  By  increasing 
the  height  of  this  proposed  water  supply  dam  at  Big  River  by  a  small 
increment,  currently  estimated  at  3.0  feet,  additional  flood  protec¬ 
tion  to  downstream  areas  would  be  provided.  The  increased  height 
would  provide  about  9,500  acre-feet  of  flood  control  storage, 
equivalent  to  about  6  inches  of  runoff  from  a  drainage  area  of  29.7 
square  miles. 

The  Warwick  Avenue  local  protection  project  consists  of  a  system  of 
walls,  dikes  and  appurtentant  facilities  that  provides  limited 
regional  flood  protection  to  the  area  known  locally  as  the  Warwick 
Industrial  Park,  establishments  along  Warwick  Avenue  in  Warwick  and 
the  portions  of  the  Clba  Geigy  plant  in  Warwick.  A  complete  descrip¬ 
tion  can  be  found  in  Appendix  4. 

The  Norwood  Land  Bank  consists  of  the  outright  purchase  of  40  to  54 
homes  in  the  Norwood  peninsula  also  locally  known  as  the  Belmont 
section  of  Warwick.  These  homes  are  all  highly  flood-prone  from 
events  more  frequent  than  a  storm  with  a  8%  recurrence  interval* 

They  have  been  flooded  several  times  in  the  past  10  years,  several 
receiving  first  floor  flooding. 

Flood  damage  reduction  benefits  which  accrue  to  the  reservoir  are  the 
difference  between  flood  damages  without  the  project  in  each  reach  of 
the  river  to  be  affected  and  those  remaining  with  the  project  in 
operation. 

For  the  local  protection  project,  benefits  were  measured  as  the 
residual  losses  after  reductions  in  flood  flows  by  the  reservoir  for 
all  ranges  of  floods  up  to  the  Standard  Project  Flood. 
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As  stated  in  Appendix  1,  indications  are  that  a  flood  of  an  estimated  20 
year  frequency  would  have  caused  recurring  losses  in  excess  of  $1,500,000 
in  zones  4  through  8  along  the  main  stem,  based  on  damage  surveys 
conducted  in  1972-73.  Approximately  10  percent  oi  these  losses  would  have 
been  residential,  16  percent  commercial  and  70  percent  industrial,  with 
the  remaining  4  percent  in  the  utility,  public,  highway  and  erosion 
categories.  Breaking  those  losses  down  by  community,  Warwick  and 
Cranston  would  each  receive  about  47  percent  of  the  total  losses  with  the 
remainder  in  West  Warwick.  If  a  flood  of  an  estimated  50-year  frequency 
had  ocurred  losses  would  have  risen  to  over  $7,000,000  with  5  percent 
being  residential  losses,  17  percent  commercial,  and  76  percent  industrial 
with  the  remaining  2  percent  in  the  other  categories.  Warwick  would  have 
sustained  69  percent  of  the  losses,  Cranston  29  percent  and  West  Warwick 
the  remainder. 

Benefit  Estimation 

Flood  control  benefits  are  defined  as  flood  damages  prevented  and  are 
based  on  estimates  of  potential  damages  in  the  flood  plain.  Flood  damage 
surveys  were  made  which  provided  dollar  estimates  of  both  physical  and 
non-physical  losses,  by  property  type,  in  each  /one,  related  to  various 
stages  or  elevations  of  flooding.  The  result  of.  these  surveys  are  stage 
damage  relationships  referenced  to  specific  flooding  elevations 
experienced  in  a  flood  of  record.  The  determination  of  annual  damages 
requires  the  correlation  of  hydrological  stage  frequency  data  for  each 
damage  zone  and  the  stage  damage  data  to  produce  damage-*"!  acuoncy 
relationships.  Plates  7-1  thru  7-5  show  all  of  the  above  relationships. 
Annual  benefits  are  the  dollar  difference  between  damage:.  .ir.-'r.g  under 
natural  or  existing  conditions  and  those  that  occur  with  Bi;;  nivor 
Reservoir  and  the  Warwick  LPP  in  place.  Based  on  curtent  practice  in  this 
office  it  would  be  at  least  1990  before  construction  of  the  projects  could 
be  reasonably  assumed  to  be  completed.  Thus  1990  was  taken  as  the  base 
year  for  benefit  analysis. 

Table  7-4  shows  the  average  annual  damages,  annual  benefits  to  Big  River 
Reservoir,  residual  annual  benefits  to  the  Warwick  local  protection 
project  and  the  annual  losses  remaining  with  project  implementation  in  the 
five  impacted  zones. 


FUTURE  GROWTH  BEFORE  PROJECT  COMPLETION  (1972-1990) 

From  the  date  of  the  initial  damage  survey  (1972)  to  the  present  (1978) 
numerous  new  structures  have  been  built  in  the  flood  plain,  many  below  the 
existing  hundred  year  flood  level  at  a  greater  growth  rate  than  previously 
discussed  in  Appendix  1.  As  these  new  structures  and  those  expected  to  be 
built  before  project  implementation  are  subject  to  flood  losses,  they  could 
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RECURRING  DAMAGES  >  ft  1000 


PERCENT  CHANCE  OF  OCCURRENCE  PER  SINGLE  YEAR 

DAMAGE  -  FREQUENCY  CURVE 

1972  PRICE  LEVEL 
1972  STUDY  ;  UPDATED  1978 
1990  HYDROLOGIC  CONDITIONS 


RANGE  A 

1  sq.  In.  **32,000 

RANGE  8 

1  »q.  In.  -*500 

RANGE  C 

1  oq.  In.  **2,000 

AVERAGE 

ANNUAL 

AREA 

LOSS 

BEN. 

AREA 

LOSS 

BEN 

AREA 

LOSS 

BEN. 

LOSSES 

BENEFITS 

1990  NATURAL 

3.0 

121,600 

16.9 

8450 

12.3 

33600 

163,650 

W/  BIG  RIVER 

2.4 

76,800 

44^00 

10.5 

5250 

3200 

6.4 

12,800 

20300 

94,850 

68300 
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RECURRING  DAMAGES  >  I  1000 


5400 


4800 


4200 


3600 


3000 


2400 


1800 


1200 


600 


PERCENT  CHANCE  OF  OCCURRENCE  PER  SINGLE  YEAR 


DAMAGE -FREQUENCY  CURVE 
1972  PRICE  LEVEL 
1972  STUDY  ;  UPDATED  1978 
1990  HYDROLOGIC  CONDITIONS 


RANGE  A 

1  sq  in.  **2400 

RANGE  B 

1  «q.  In.  -*4000 

RANGE  C 

1  sq.  In.  -42000 

AVERAGE 

ANNUAL 

AREA 

LOSS 

BEN 

AREA 

LOSS 

BEN 

AREA 

LOSS 

BEN. 

LOSSES 

BENEFITS 

1990  NATURAL 

17.4 

41,760 

7.0 

28,000 

15.4 

30,800 

100,560 

W/BIG  RIVER 

14  4 

34,560 

7,200 

23 

9,200 

18,800 

6  9 

13,800 

17,000 

57,560 

43,000 
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PERCENT  CHANCE  OF  OCCURRENCE  PER  SINGLE  YEAR 
DAMAGE -FREQUENCY  CURVE 
1972  PRICE  LEVEL 
1972  STUDY  ;  UPDATED  1978 
1990  HYDROLOGIC  CONDITIONS 


RANGE  A 

1  sq.  In.  *^600 

RANGE  B 

1  »q.  In.  “^2000 

RANGe  c 

1  iq.  In.  -^000 

AVERAGE 

ANNUAL 

AREA 

LOSS 

BEN 

AREA 

LOSS 

BEN 

AREA 

LOSS 

0EN 

LOSSES 

BENEFITS 

1990  NATURAL 

13.66 

21,860 

912 
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DAMAGE  -  FREQUENCY  CURVE 
1972  PRICE  LEVEL 
1972  STUDY  i  UPOATED  1978 
1990  HYDROLOGIC  CONDITIONS 


RANGE  A 

1  sq.  in.  -*3  200 

RANGE  B 

1  «q.  In.  *^BOOO 

RANGE  C 
t  «q.  In.  **10,000 

AVERAGE 

ANNUAL 

AREA 

LOSS 

BEN 

AREA 

LOSS 

BEN 

AREA 

LOSS 

BEN. 

LOSSES 

BENEFITS 

1990  NATURAL 

17.9 
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9.73 

77,845 

7.79 

77,930 

213,085 

W/BIG  RIVER 
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6.57 
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25,230 
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31615 

44,315 
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TABLE  7-4 


AVERAGE  ANNUAL  LOSSES  AND  BENEFITS  AS 
MODIFIED  BY  THE  SELECTED  PLAN 
1990  BASE  YEAR 
JUNE  1978  PRICE  LEVEL 


Benefits  to 

New  Benefits 

Total  Annual 

Big  River 

Residual 

to  Warwick 

Location 

Damaaes 

Reservoir 

Losses 

LLP* 

SOUTH  BRANCH 


Zone  2A-1 

500 

400 

100 

- 

Zone  2A-2 

29,000 

24,600 

4,400 

- 

Sub  Total 

2  9,500 

25,000 

4,500 

- 

MAINSTEM 

Zone  3 

900 

450 

450 

— 

Zone  4 

252,020 

105,950 

146,070 

- 

Zone  5 

154,860 

66,220 

88,640 

- 

Zone  6 

104,580 

49,800 

54,780 

- 

Zone  7 

328,150 

117,890 

210,260 

0 

Zone  8 

509,990 

149,250 

360,740 

307,1 70 

Sub  Total 

1,350,500 

489,560 

860,940 

30  7,170 

TOTAL 

1,380,000 

514,560 

865,440 

307,1/0 

Updated  to 
Average  1979 
Price  Level 

1,504,200 

560,900 

943,300 

334,800 

Final 

Residual 

Losses 


100 

4,400 

4,500 


450 

146,070 

88,640 

54,780 

210,260 

53,570 

533,770 

558,270 


608,500 
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also  be  afforded  a  high  degree  of  protection  by  the  selected  plan.  In  ac¬ 
cordance  with  Water  Resources  Council  guidelines  projections  of  future 
growth  In  the  flood  plain  must  be  made  assuming  provisions  of  the  National 
Flood  Insurance  Program  will  be  adhered  to.  Thus  any  new  growth  projected 
to  occur  below  the  100  year  level  must  be  limited  to  Industrial  and 
commercial  establishments  and  must  be  flood  proofed  to  this  level. 

The  first  step  In  estimating  future  losses  and  benefits  due  to  growth  in 
the  Pawtuxet  River  flood  plain  was  to  assess  present  land  use  and  then 
project  future  land  use  demands.  As  stated  in  Appendix  1,  projections  were 
made  for  1990,  the  proposed  project  implemer -at ion  date  and  the  date  which 
corresponded  to  OPERS  projections  and  for  the  year  2040. 

Projections  of  demographic  and  economic,  activity  within  the  affected  area 
were  made  independent  of  any  plan  for  flood  control.  Indicators  used  for 
the  projection  A  g  *owth  were  copulation,  housing  units,  and  industrial 
and  commercial  -vs;-  r  development.  These  projections  were  converted  to 
land  use  demand  in  he  benchirarx  years  utilizing  indicator  land  use  ratios 
derived  from  •  •.slot  c-  1  date.  Expressed  on  an  annual  rate  basis, 
(acres/year)  land  c  e  demand  in  the  flood  plain  of  the  Pawtuxet  River  flosd 
plain  is  as  follows. 

*970  -  1990  1990  -  2040 


Residential 

3.8 

4. 

Commercial 

5.1 

3.  ’ 

Industrial 

3.0 

2.9 

These  figures  are  representative  of  land  needed  or  demanded  for  develop¬ 
ment  In  the  flood  plain,  however,  constraints  on  land  supply  prevent  total 
absorption.  The  most  important  constraint  is  the  National  Flood  Insurance, 
program.  Warwick  and  Cranston  operate  under  the  regular  program. 

To  determine  the  potential  losses  expe-ted  to  result  from  anticipated 
growth  for  industrial,  commercial  and  residential  structures  from  1972- 
1990  the  following  method  was  employed.  For  industrial  growth,  the  stage 
damages  for  each  industrial  concern  within  the  Warwick  Industrial  Park 
(Warwick  Avenue  Area)  were  combined  using  the  1968  flood  stage  as  a 
reference  point.  Most  of  these  establishments  did  not  have  water  inside 
the  building  or  above  the  first  floor  elevation.  (Most  do  not  have  base¬ 
ments.)  On  the  average,  there  were  between  two  and  three  feet  between  the 
first  floor  and  the  1968  flood.  A  combined  stage-damage  curve  was  then 
prepared.  From  the  damage  survey  records  and  a  survey  of  the  area,  the 
dimensions  of  each  structure  were  obtained  to  determine  the  square  footage 
of  building  space  and  aproximate  land  area.  A  unit  stage  damage  curve  was 
then  prepared  by  dividing  the  damage  at  each  stage  height,  relative  to  the 
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1968  flood,  by  the  combined  area  of  the  industrial  structures.  The  final 
unit  stage  damage  curve  for  Industrial  establishments  is  shown  on  Plate  7- 
6  and  is  based  on  a  1000  sq.  ft.  structure.  As  any  new  growth  that  occurs 
below  the  100-year  flood  level  must  be  floodproofed  to  that  stage,  the 
100-year  flood  for  the  unit  stage  damage  curve  was  established.  On  the 
unit  stage  damage  curve,  the  +2  elevation  was  assumed  to  be  equal  to  the 
100-year  flood;  the  elevation  at  which  water  would  enter  the  building  and 
begin  to  cause  significant  damage. 

Similar  unit  stage-damage  curves  were  prepared  for  commercial  and 
residential  structures.  The  basis  for  the  data  on  commercial  structures 
was  the  stage  damage  relationships  at  the  Warwick  Mall  complex  (vicinity 
of  northerly  bank  at  river  mile  8.5)  and  the  commercial  firms  at  the 
Warwick  Industrial  Park.  The  damage  information  was  divided  again  by  the 
total  area  of  buildings  to  obtain  the  unit  relationships. 

Residential  growth  projections  involved  an  analysis  of  the  area  to 
determine  what  types  of  units  have  been  built  recently  and  what  are  likely 
to  be  built  in  the  future.  A  further  consideration  was  the  interpretation 
of  the  National  Flood  Insurance  Act  which  states  that  no  residential 
structure  can  be  built  within  the  100  year  flood  plain.  It  further  states 
that  the  first  habitable  floor  of  new  construction  must  be  above  the 
100-year  flood  limits. 

Several  new  apartment  complexes  have  been  built  along  the  main  stem  and  in 
Zone  6B  (lower  Pocasset  River  reach)  with  the  basement  level  at  the  100 
year  elevation.  This  appears  to  be  the  trend  in  certain  portions  of  the 
available  vacant  residential  and  for  the  main  stem  zones.  It  will  be 
assumed  that  the  only  residential  land  growth  susceptible  to  significant 
damage  within  the  flood  plain  will  be  limited  to  multi-unit  apartment 
complexes  similar  to  ones  already  built  in  the  area. 

In  order  to  arrive  at  the  unit-stage  damage  curve  two  apartment  complexes 
were  analyzed.  The  elevation  of  the  first  floor  was  determined  by 
inspecting  the  stage-damage  relationship.  The  two  apartment  complexes 
were  then  merged  together  for  structural  losses,  contents  and  miscel¬ 
laneous  items  such  as  non-physical  losses.  The  latter  item  was  most 
important  as  the  instant  water  reaches  above  the  floor  of  the  basement  or 
slab  grade  apartments,  the  entire  heating  and  cooling  plants  along  with 
the  power  transformers  would  sustain  damage.  It  is  then  customary  for  the 
local  building  inspectors  to  revoke  vacancy  permits.  Thus  the  entire 
complex,  even  with  only  one  foot  of  water  above  the  floors  would  be  closed 
down.  The  duration  of  the  closing  is  dependent  upon  the  depth  of  flooding 
and  the  ease  with  which  replacement  parts  can  be  obtained.  Though  this 
type  of  flood  which  would  cause  damage  to  these  new  apartment  complexes 
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would  exceed  a  hundred  year  event,  many  would  sustain  heavy  damage  to  their 
power  and  heating  plants  in  less  frequent  events*  Replacement  of  these 
items  has  been  estimated  at  a  minimum  of  four  weeks.  Thus,  for  this 
category,  even  with  only  one  foot  of  water  the  entire  complex  would  be 
vacated  for  a  minimum  4-week  period.  The  typical  complex  consists  of  a 
basement  or  grade  floor  with  three  floors  and  eight  units  per  floor. 

A  further  analysis  was  undertaken  to  determine  what  percent  of  a 
particularly  zoned  area  would  be  actual  structure.  From  similar  type  areas 
within  the  watershed,  the  average  acre  had  the  following  percent  buildup: 
commercial  -27.5  percent;  industrial  -30  percent;  residential  -20  percent. 

For  residential  growth  each  acre  of  land  had  one  8-unit  per  floor  for 
four  floors  per  building  relationship 

It  was  then  necessary  to  determine  where  the  growth  could  occur  and  how 
much  acreage  would  be  developed  for  each  of  the  three  major  land  use 
categories.  Table  1-12  in  Appendix  1  represents  the  available  land  within 
the  flood  plain.  It  is  significant  to  note  that  53  acres  of  commercial 
land  are  available  for  growth,  of  which  ?4  are  located  in  the  floodway. 

As  grading  of  the  floodway  for  non-structural  type  usage  such  as  parking 
lots  is  permitted,  this  full  amount  of  land  can  be  utilized  with  careful 
planning.  Utilizing  the  growth  rate  calculated  for  this  category,  and 
dividing  the  available  land  by  the  gro.tli  rate,  it  is  evident  that  without 
rezoning  or  reclassification  of  existing  land,  the  available  commercial 
land  will  be  saturated  with  growth  within  10  years  from  the  dale  of 
analysis.  From  the  land  use  analysis,  it  was  determined  that  75  percent 
of  the  projected  commercial  growth  would  be  located  in  Zone  4  und  the. 
remainder  in  Zone  8. 

As  sufficient  land  is  available  for  both  industrial  and  residential 
growth,  saturation  will  not  occur  in  the  1972-1990  growth  period. 

Industrial  growth,  which  will  consume  a  total  of  only  39  acres  of  vacant 
land,  was  estimated  to  occur  at  the  following  percentages  for  the 
specified  zone: 


Zon  e  4 

23% 

Zone  5 

33% 

Zone  6 

22% 

Zone  8 

22% 

Residential  growth  was  assumed  to  take  place  at  a  rate  of  4.4  acres  per 
year.  Since  residential  land  is  at  a  premium,  it  is  likely  that  only 
multi-family  housing  will  be  built  and  it  is  assumed  that  this  type  of 
housing  (apartment  complexes)  would  be  only  in  Zone  4.  Therefore,  future 
residential  growth  was  estimated  only  for  this  zone. 
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:  DAMAGE  CURVE 
IA1  STRUCTURES 

-PHYSICAL  LOSSES 
LEVELS 


Table  7-5  summarizes  the  total  losses,  benefits  to  the  selected  plan  and 
residual  losses  from  all  1972  to  1990  growth.  Plate  7-7  shows  a  sample 
determination  that  was  applied  or  industrial  growth  per  acre  for  Zone  5. 


FUTURE  GROWTH  OVER  PROJECT  LIFE  (1990  -  2090) 

This  phase  of  growth  activities  will  occur  after  the  selected  plan  is 
operational.  Growth  will  continue  to  occur  at  the  pre-project  growth  rate 
of  3  acres  per  year  for  industrial  zoned  land.  Growth  will  not  be 
determined  for  residential  use  as  existing  multi-family  zoned  land  is 
rather  limited.  Commercial  vacant  land  is  noir-existent.  Rezoning  of 
vacant  industrial  land  or  single  family  residential  land  will  not  be 
assumed,  although  this  practice  has  occurred  within  the  study  area.  At 
the  base  year  for  project  implementation,  1990  approximately  550  acres  of 
industrial  land  should  be  vacant  within  the  standard  project  flood 
confines.  Significant  vacant  land  is  available  in  Zone  5,  with  lesser 
amounts  in  Zones  4  and  6.  Little  vacant  land  is  available  within  the 
Cranston  portions  of  Zones  7  and  8. 

Benefits  were  estimated,  after  project  implementation,  for  industrial 
growth  in  Zone  8  only.  This  is  due  to  the  fact  that  the  Warwick  local 
protection  provides  protection  up  to  the.  standard  project  flood  £' er 
implementation.  Several  of  the  existing  firms  in  the  Warwick  Industrial 
Park  (Warwick  Avenue  area)  are  now  prohibited  from  enlarging  the 
facilities  because  of  existing  constraint  on  expansion  within  the  fifty 
year  flood  plain. 

Because  of  the  durability  of  locating  within  the  Warvrick  Industrial  Park 
(sewered  area,  adjacent  to  good  connecting  highway  system,  availability 
of  public  water  supply  and  public  transportation)  new  growth  will  con¬ 
tinue  in  this  area  until  the  existing  vacant  land  becomes  saturated.  In 
the  period  prior  to  project  implementation  (1972  -  1990),  12  acres  of 
growth  occurred  within  the  Warwick  Industrial  Park.  Growth  during  this 
period  for  industrial  concerns  averaged  3.0  acres  per  year  but  was  spread 
among  Zones  4,  5,  6  &  8.  For  the  above  mentioned  reasons  all  growth 
after  project  completion  will  occur  in  Zone  8  (3.0  acres  per  year)  until 
available  vacant  land  is  saturated.  Approximately  50  prime  acres  of 
vacant  industrial  land  were  available  at  the  base  year.  Twelve  acres 
were  developed  during  the  pre- project  growth  period  and  it  is  assumed 
that  roughly  25%  of  the  land  will  be  left  vacant  or  used  for  road  and 
sewer  systems.  At  a  growth  rate  of  3  acres  per  year  saturation  will 
occur  in  approximately  nine  years,  (1999).  Base  elevations  were  then 
determined  utilizing  an  average  elevation  of  the  existing  vacant  land  and 
adding  one  foot  to  account  for  regrading  and  raising  of  the  first  floor 
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TABLE  7-5 


Type  and 
Location 

INDUSTRIAL 

Zone  4 
Zone  5 
Zone  6 
Zone  8 

COMMERCIAL 

Zone  4 
Zone  8 

RESIDENTIAL 

Zone  4 

TOTAL 

Updated  to 
Average  1979 
Price  Level 


1972  TO  1990  FUTURE  GROWTH 
BEFORE  PROJECT  COMPLETION 
JUNE  1978  PRICE  LEVEL 


Total  Annual 
Damages 

Benefits  to 
Big  River 
Reservoir 

Residual 

Losses 

Benefits 
to  Warwick 
LLP* 

57,720 

98,890 

64,550 

62,310 

23,190 

34,770 

25,380 

14,490 

34,530 

64,120 

39,170 

47,820 

34,390 

96,800 

26,110 

42,530 

7,650 

54,260 

18,460 

12,910 

138,060 

53,560 

94,490 

- 

544,440 

210,570 

342,850 

47,300 

597,500 

221,300 

376,200 

51,600 

Final 

Residual 

Losses 


34,530 

64,120 

39,170 

13,430 


54,260 

5,550 


94,490 

295,550 


290,800 
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TABLE  7-6 

Summary  of  Average  Annual  Benefits 
for  the  Selected  Plan 

June  1978  Price  Level  -  6-5/8%  Interest  Rate 


Type  of  Benefit 

Big  River 

Warwick  Local 

Summation 

Reservoir 

Protection 

Basic  Flood  Control 

$51 A, 560 

$307, i 70 

$•  ■  .  ~  J 

1972  to  1990  Growth 

$201,750 

$  47,300 

$243,050 

1990  to  2090  Growth 

$320,280 

$565,750 

$886,030 

Location 

— 

$  20,750 

$  20,750 

Total  Benefits 

Sl.036,5901 

$940- 0  70 

$1 .*52,100 

Total  Annual  Charges 

$452, OCO2 

$865,000 

$1,317,000 

Benefit  to  Cost  Ratio 

2.29 

1.09 

1.48 

As  the  recommended  plan  does  not  consider  the  Warwick  Avenue 
Local  Protection,  the  1990  to  2090  growth  benefits  have  not  been 
included.  Thus,  the  total  flood  control  benefits  for  the  Big  River 
Reservoir  Project  are  equal  to  $716,310.  Update  to  September  1978, 
the  benefits  are  approximately  $725,000.  Updated  to  average  1979 
price  levels,  the  benefits  are  782,200. 

2 

For  detailed  costs,  see  separate  feasiblity  report  on  Big  River 
Reservoir. 
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structure.  A  new  dummy  unit  stage  damage  curve  was  then  prepared  for 
this  elevation.  Damages  were  then  evaluated  in  the  absence  of  a  flood 
control  plan.  Residual  losses  were  then  determined  under  modified 
conditions.  Future  industrial  losses  ere  shown  below.  The  Uarwick  local 
protection  works  is  taken  as  a  second  aoded  in  the  system  with  Big  River. 
The  reservoir  reduced  floor  stages  at  the  protected  areas  and  the  system 
of  walls  and  dikes  at  the  Warwick  Industrial  Park  offered  complete 
protection  up  to  the  standard  project  flood.  All  residual  losses  up  to 
the  .15  percent  annual  chance  of  occurrence  becomes  a  benefit  to  the 
local  protection  project. 


FUTURE  INDUSTRIAL  LOSSES 
1990  -  2090 


1978  Price  Level;  6-5/8%  Interest  Rate 


Location 

Total  Annual 
Damages 

Benefits  to  Big 
River  Reservoir 

Residual 

Losses 

Benefits  to 
Warwick  LPP 

Final 

Residual  Loss 

Zone  8 

$918,530 

$320,280 

$598,250 

$565,750 

$32,500 

TOTAL 

$913,530 

$320,230 

$598,250 

$565; 750 

$32,500 

LOCATION  BENEFITS 

The  ability  of  the  project  to  make  protected  flood  p!a.  i  1;;:’  available 
to  new  activities  that  would  use  the  flood  plain  only  after  implemen¬ 
tation  of  the  selected  plan  results  in  location  benefits.  The  value  of 
this  benefit  is  determined  by  employing  two  different  techniques  in 
accordance  with  ER  1105-2-351:  (1)  the  change  ir  the  market  value  of 
land  in  the  flood  plain  and  (2)  net  income  differences.  Method  (1)  was 
selected  for  final  calculations  as  it  is  the  most  quantifiable  and 
factually  supported  method  at  the  field  level.  Location  benefits  were 
taken  only  for  the  area  protected  by  the  Warwick  Local  Protection  Works 
(Zone  8,  Warwick)  based  on  the  high  degree  of  safety  against  flooding 
provided.  Big  River  Reservoir  will  have  the  effect  of  lowering  flood 
stages  one  to  two  feet  along  the  main  stem  thus  changing  flood  plain 
limits,  however,  the  consequence  of  urbanization  could  somewhat  offset 
this  favorable  development.  For  this  reason  location  benefits  were  not 
estimated  for  Zones  4  through  7.  With  the  Warwick  LPP  in  place  and 
operational  it  was  estimated  by  real  estate  brokers  in  the  area  and  NED 
real  estate  personnel  that  the  value  of  vacant  industrial  land  would 
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RELATIVE  TO  1968  FLOOD  STA6E  IN  FEET  RELATIVE  TO  1968  FLOOD 


RECURRING  DAMAGES  «  $1000 


2  4  6  8  10  20  30  40  30  10  20  30  40  50  60  70  80 


PERCENT  CHANCE  OF  OCCURRENCE  PER  SINGLE  YEAR 

DAMAGE  -  FREQUENCY  CURVE 
1972  PRICE  LEVEL 
1972  STUDY,  UPDATED  1978 
1970  HYDROLOGIC  CONDITIONS 


RANGE  A 

RANGE  8 

RANGE 

c 

AVERAGE 

1  sq. 

In.  •$  32 

1  tq. 

In.  >$s 

1  *Q- 

In.  •$.  2 

ANNUAL 

AREA 

LOSS 

BEN 

AREA 

LOSS 

BEN. 

AREA 

LOSS 

BEN 

LOSSES 

BENEFITS 

1990  NAT 

lZIL 

247 

2.37 

19 

3.26 

7 

273 

*  BIG  RIVER 

5.33 

171 

76 

.51 

4 

15 

1.05 

2 

5 

177 

96 

ALL  VALUES  PER  1000  SO.  FEET  OF  INDUSTRIAL  BUILDING 


1972  -  1990 

WITHOUT  THE  PROJECT  CONDITIONS 


WATER  RESOURCES  MANAGEMENT  REFORT 


PAW1UXET  RIVER  BASIN 
RHODE  ISLAND 

DAMAGE -FREOUENCY-  STAGE  RELATIONSHIPS 

INDUSTRIAL  GROWTH- ZONE  #  5 

Mr>IT«RT  «  l«  MIT 
MR  IRRURR  MnUOR.  (RIM  01  IRRRRIil 

ntlllt  MH 


PLATE  7-7 


RECURRING  DAMAGES  x  $1000 


RECURRING  DAMAGES  *  $1000 


10  JO  JO  40  JO  10  20  JO  40  JO 

PERCENT  CHANCE  OF  OCCURRENCE  PER  SINGLE  YEAR 

DAMAGE -FREQUENCY  CURVE 
1972  PRICE  LEVEL 
1972  STUOY,  UPDATED  1978 
1990  HYDROLOGIC  CONDITIONS 


1  sq. 

in.  ■  $32 

In.  •  $80 

•  *q. 

In.  ■  goo 

ANNU 

AL 

AREA 

LOSS 

BEN 

AREA 

LOSS 

BEN 

AREA 

LOSS 

BEN 

LOSSES 

1 

BENEFITS 

1990  NAT. 

12.64 

404.5 

10.16 

!  812.6 

3.25 

650 

1867.3 

1990  MOD.  B.R. 

11.95 

362.5 

22 

7.89 

631.2 

181  6 

1.01 

202 

448 

1215.7 

651.6 

BEN.  WLP(650) 

2  05 

65  6 

316.8 

0 

0 

631.2 

0 

0 

202 

65.6 

1,150 

ALL  VALUES  PER  1000  SQ  FEET  OF  INDUSTRIAL  BUILDING 


INDUSTRIAL  GROWTH 
AFTER  PROJECT  IMPLEMENTATION 


WATCH  RESOURCES  MANAGEMENT  REPORT 

PAWTUXET  RIVER  BASIN 
RHODE  ISLAND 

DAMAGE-FREQUENCY- STAGE  RELATIONSHIPS 

1990  TO  1999  GROWTH-ZONE  &  8 

OfftlfWOf  Of  TRI  MAT 
MIR  IROURI  KTIMR.  COIfT  Of  lOOHHIII 
»MTR»».  U» 


PLATE  7-8 


Increase  at  least  $.25  per  square  foot.  This  Is  based  upon  real  estate 
estimates  of  value  of  comparable  flood  -  prone  versus  flood-free  land. 
After  the  Warwick  LPP  Is  operational  27  vacant  acres  would  be  aval' able 
for  development.  This  Increase  In  value  Is  calculated  as  follows: 

27  acres  X  43,560  s.f/acre  X  .25  ■  $294,030 
$294,030  X  .09  (the  Federal  rate  of  return  )  ■  $26,463 

Since  the  vacant  acreage  will  be  developed  gradually  up  to  saturation  in 
nine  years  the  benefit  must  be  discounted  based  on  9 ‘years  of  growth,  100 
year  project  life  and  an  Interest  rate  of  6-5/8%. 

The  location  benefit  now  equals  $20,750. 
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Benefit  Analysis  for  Non-Structural  Flood  Control  Plan 
for  the  Norwood  (Belmont)  Area  of  Warwick  Rhode  Island 


Benefits  estimated  in  the  following  sections  are  those  which  accrue 
through  the  implementation  of  a  non-s truer  j’-al  flood  control  plan  in¬ 
volving  the  60  highly  floodprone  residential  properties  located  on  the 
Norwood  peninsula.  Essentially  the  plan  involves  outright  purchase  of 
various  properties  and  evacuation,  through  demolition,  of.  them  from  the 
flood  plain.  The  Norwood  area  has  a  history  of  flooding  with  the  most 
notable  events  having  occurred  in  the  years  1Q68,  1978  and  1979.  A 
structural  plan  consisting  of  walls  and  dikes  has  been  formulated  to 
protect  the  Norwood  area,  however,  the  plan  is  not  economically 
justified. 

Benefits  wevj  evaluated  in  strict  adherence  to  ER  1105-2-353, 
"Evaluation  of  Non-structural  Measures"  under  the  following  categories: 

I.  Net  Income  Earned  by  Activities  Occupying  the  floodplain  with 
the  Project 

II.  Reduction  of  Externalized  Flood  Damages 

A.  Reduction  of  Flood  Emergency  Costs 

B.  Reduction  of  Insurable  F'ood  Damages 

C.  Reduction  of  Flood  Damages  to  Utility,  Transportation  and 
Communication  Systems 

III.  Other  Public  Savings 

IV.  Locational  Advantage  Accruing  to  Off-Floodplain  Properties 
Adjacent  to  the  Open  Space 

I.  Net  Income  Earned  by  Activities  Occupying  the  Floodplain  with  the 
Project. 

The  "with  project"  condition  would  consist  of  the  purchase  and 
demolition  of  the  properties  in  the  Norwood  area.  Subsequent  to  the 
demolition,  the  area  would  be  graded  and  seeded  resulting  in  an  open 
green  space.  At  that  time  the  Federal  Government  would  still  own  the  land 
and  the  future  ownership,  e.g.  sale  to  the  city  of  Warwick,  is  not  known. 
It  is  also  not  known  to  what  use  the  vacant  land  would  be  put.  Certain 
cost  sharing  arrangements  cou1d  be  undertaken  between  Warwick  and  certain 
Federal  agencies  to  construct  recreational  facilities,  however,  future 
courses  of  action  are  unformulated  at  this  time.  For  the  above  reasons, 
no  estimates  of  the  type  of  new  activities  that  would  occupy  the 
floodplain,  demand  for  the  new  activities  and  dollar  value  per  use  have 
t’fi'i  made.  Consequently,  benefits  or  net  income  earned  by  new  activities 
have  not  been  estimated  for  this  category. 
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II.  Reduction  of  Externalized  Flood  Damages. 

Externalized  flood  damages  are  actually  costs  wh ' eh  are  not  bo;  r-e  by 
wlthout-project  floodplain  occupants.  These  externalized  costs  of 
floodplain  occupancy  are  typically  borne  by  taxpayers  or  firms  providing 
services  to  floodplain  activities.  Therefore,  elimination  of  the 
externalized  costs  result  in  a  benefit  which  accrues  to  the  nonstruefurnl 
plan.  The  benefits  are  evaluated  under  the  following  three  categories: 

A.  Reduction  of  Flood  Emergency  Cents. 

Flood  emergency  costs  consist  of  costs  that  accrue  directly  as  a 
result  of  floodplain  inundation.  In  the  absence  of  a  flood  potential  for 
the  area,  these  costs  wold  be  eliminated  and  would  result  In  a  benefit. 
Example  of  emergency  costs  are:  (1)  overtime  pay  to  police,  fire,  public 
works  civil  defense  and  other  rescue  related  personnel,  (2)  shelter  costs 
Involved  in  housing,  feeding  and  treating  floodplain  victims  who  were 
evacuated  from  their  homes  and  (3)  equipment  costs  for  rescue  vehicles, 
fire  engines,  pumps,  and  public  works  vehicles  involved  in  the  evacuation 
and  flood-fighting  effort.  Since  flooding  occurs  on  a  non-regular  basis 
and  in  differing  intensity,  data  on  emergency  costs  is  somewhat  difficult 
to  ascertain  if  not  collected  by  specific  event  by  one  central  agency. 

In  the  city  of  Warwick,  the  data  had  to  be  collected  after  the  fact  by 
one  agency,  therefore,  an  additional  source  was  also  employed.  This 
source  was  damage  survey  in  other  cities  after  specific  ■-.rents.  The 
percentage  of  emergency  costs  of  total  damages  was  er -.tf mated  and  rpp lied 
to  total  damages  in  the  Norwood  area  for  a  specific  event.  Total 
emergency  costs  were  estimated  at  approximately  16  percent  0f  total 
losses  at  each  stage  event,  and  then  annualized.  This  is  equal  to 
$48,366. 

B.  Reduction  of  Insurable  Flood  Damages. 

Since  the  Norwood  area  is  in  Warwick,  it  is  eligible  for  flood 
insurance  under  the  National  Flood  Insurance  Program.  The  premium  for 
flood  insurance  coverage  is  subsidized  by  the  U.S.  Government  in  high 
risk  areas.  The  subsidized  portion  of  flood  Insurance  costs  is  a  benefit 
nationally,  since  its  elimination  is  a  savings  to  all  U.S.  taxpayers;  tax 
funded  subsidies  support  flood  insurance  payments.  The  following  method 
was  used  to  compute  the  benefit  for  flood  insurance  subsidy  savings. 
Coverage  for  structure  and  contents  for  each  property  was  estimated 
separately.  For  each  structure  in  the  Norwood  area  the  elevation  of  the 
first  floor  and  the  elevation  of  the  100-year  flood  was  ascertained.  The 
height  of  the  first  floor  above  or  below  the  river  elevation  was  computed 
from  actual  field  surveys.  Using  the  appropriate  tables  in  the  Federal 
Flood  Insurance  Manual,  the  premium  paid  per  $100  of  coverage  was  found 
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based  on  the  type  of  structure  and  the  height  above  or  below  the  river 
elevation.  The  actual  policy  holders  perraium,  $.25  per  $100  of 
coverage  was  subtracted  from  the  total  premium  to  obtain  the  subsidized 
portion.  All  property  owners  were  assumed  to  purchase  insurance  up  to 
the  assessed  value  of  their  properties.  Computations  were  made  for 
each  structure  and  the  total  subsidy  to  coverage  to  structures  was 
$45,762.  A  similar  method  was  used  to  establish  the  subsidized  coverage 
for  contents.  Based  on  previous  studies  it  was  assumed  contents  are 
valued  at  50  percent  of  structural  value  and  it  was  assumed  that 
homeowners  will  insure  up  to  that  amount.  A  $10,000  ceiling  was  placed 
on  contents  coverage  as  this  is  the  limit  for  the  first  layer  or 
subsidized  portion  of  flood  insurance  coverage  for  residential  contents. 
Again  computations  were  performed  for  each  property  and  the  subsidized 
portion  of  premium  payments  for  contents  coverage  was  $23,588.  The 
"with-pro ject"  condition  would  result  in  a  total  annual  saving  (benefit) 
of  $69,350.  A  final  adjustment  to  the  benefit  is  to  allow  for 
deductibles  on  both  the  structural  and  contents  coverage.  Both 
categories  were  reduced  by  2  percent  to  account  for  this  and  the 
resulting  benefit  is  $67,970. 

C.  Reduction  of  Flood  Damages  to  Utility,  Transportation  and 
Communication  Systems 


Recurring  damages  under  this  category  were  estimated  by  damage 
appraisers  from  this  office  for  various  stages  of  flooding  in  the  Norwood 
area.  Damages  stemmed  from  weakened  utility  poles  and  resulting  line 
damage,  cracked  and  heaved  asphalt  roads  and  damage  to  bot.  lo  gas  set 
ups.  Combining  stage  damage  data  with  hydrologic  stage  frequency  date 
results  in  annual  losses  of  30,600  which  would  become  a  benefit  under  the 
"with-pro ject”  condition. 

III.  Other  Public  Savings. 

Another  externalized  cost  which  relates  to  the  flood  insurance 
program  is  the  cost  of  its  administration.  Elimination  of  this 
administrative  cost  is  a  savings  to  the  nation.  The  benefit  is  based 
upon  the  average  cost  per  policy  including  agent  commission,  servicing 
and  claims  adjusting  costs.  The  cost  for  agent  commissions  is  15  percent 
of  the  payable  premium  and  for  this  study  the  savings  (benefits)  amounts 
to  $11,172.  At  this  time,  servicing  and  claims  adjustment  costs  per 
policy  could  not  be  determined  from  agency  sources,  therefore,  the 
$11,172  will  stand  as  the  benefit. 
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IV.  Locational  Advantage  Accruing  to  Off-Floodplain  Properties  Adjacent 
to  the  Open  Space. 

The  positive  externality  or  adjacent  lands  reflects  the  amenity  of 
living  near  park  land  or  open  space  and  is  measured  as  the  projected 
increase  in  market  value  of  property  adjacent  to  the  encumbered 
floodplain.  This  benefit  was  not  evaluated  based  on  the  unique 
geographical  location  and  neighborhood  makeup  bordering  Norwood.  The 
fact  that  the  area  is  a  peninsula  bordered  by  the  river  and  a  main  street 
with  an  industrial/commercial/residential  mix  makes  evaluation  difficult. 
In  addition  the  benefit  must  be  documented  by  empirical  evidence  not 
available  at  present. 

Summary  of  Benefits  Accruing  to  Non-Structural  Flood 
Control  Plan  (Evacuation)  for  the  Norwood  Area 


Benefit  $  Value 

Reduction  of  Flood  Emergency  Costs  $  48,366 

Reduction  of  Insurable  Flood  Damages  67,970 

Reduction  of  Flood  Damages  to  Utility, 

Transportation  and  Communications  Systems  30/00 

Other  Public  Savings  ’  .  1 

Total  nS8J('; 


*for  50  homes 


Benefits  for  different  number  of  homes  are  based  on  average  benefit 
per  house  multiplied  by  the  total  number  of  homes  to  be  acquired. 
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